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The continuance of the upward trend of our economy is dependent 
upon increased development of our most important scientific resource -
brainpower. 
We have been preoccupied for s ome time with the so-called 
"shortage" of scientific manpower. Yet, an immediate increase in the 
rate of production of engineers and scientists could not possibly ease 
the shortage for some time. In the interim g would not a reexamination 
of ideas which might lead to hidden sources of brainpower be in order? 
This was the question that led five of the members of the Interna~ 
tiona 1 Science Foundation (the Army Ballistic Missile Agency, the Coop-
erative Research Foundation, the U. S. Naval Radiological Defense 
Laboratory, the California Academy of Sciences, and the National Asso-
ciation of Manufacturers) to suggest to the Foundation in the summer of 
1956 that, in keeping with its objective of stimulating the development of 
scientific resources by increasing the flow of ideas between professional 
personnel throughout the world, a Brainpower Forum be established to 
focus attention on unexplored sources of scientific manpower and facili-
tate an exchange of ideas on this subject between science, industry, and 
government. 
Accordingly, at the invitation of Rear Admiral Earl E. Stone, 
Superintendent of the U. S. Naval Postgraduate School, approximately 
lOO leaders in industry, government. and education assembled in 
Monterey, California, October 24- 25, 1956, for the first meeting of the 
ISF Brainpower Forum. 
The meeting was an informal one; hence what follows should not 
perhaps be dignified by the title Proceedings. It should not be considered 
as a well rounded transcript of a meeting, but rather a partial account 
of conversations within a group. With the exception of the few prepared 
papers, all of the participants spoke freely without notes. 
Each participant was supplied with a mimeographed copy of his 
transcribed remarks and given the opportunity to revise his material 
for the sake of clarity and coherence. All did not take advantage of 
this opportunity. however, and the working copy represented a mixture 
of revised and unrevised text. The editors, desiring to maintain the 
spirit of informality which pr e vailed at the conference, confined their 
activity to occasional deletions of overlapping or repe.titive passages 
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Mr. de Guigne-: Good morning. Gentlemen. It is a great pleasure to 
welcome you to Monterey. At the outset. it might be well for me to 
point out that our seminar is essentially an International Science Foun-
dation family party which is made possible by five of our participating 
members: Army Ballistic Missile Agency. Cooperative Research Foun-
dation. U. S. Naval Radiological Defense Laboratory. California Acade-
my of Sciences. and National Association of Manufacturers. Attendance 
has been restricted to International Science Foundation members and 
their guests because we are hopeful that a small group. meeting infor-
mally in a location such as this. can discuss the scientific manpower 
problem with a considerable amount of freedom. It would be difficult 
to find a more perfect setting than the Naval Postgraduate School. and 
I would now like to introduce our host. Rear Admiral Stone. Superintend-
ent of the School. 
Admiral Stone': Thank you. Mr. de Guigne. Distinguished Guests 
and Gentlemen. I sincerely welcome you to the Po s tgraduate School. and I 
want to assure you that all hands here will try to make your visit as 
pleasant and as profitable as we can. I hope that you'll call on us for 
. any thing that you might want or need. (To Mr. de Guigne: May I take 
a few minutes to tell these gentlemen about the School. sir?) 
I feel that while you are here. you will wish to learn more about this 
School. I have prepared a few remarks which I hope will answer your 
questions and enlighten you about it. We perform the following functions: 
we provide advanced engineering education; we afford advanced profes-
sional education in the naval sciences; and we supervise the graduate 
education of many officers in various fields at a great many civilian 
institutions. 
I hope that while you are here you will have the time. at least very 
briefly. to look at our facilities; and. with that in mind. !lve listed a 
tour in this program (which I note is so full that it's hard to see a time 
when you would be free). This afternoon. about 4:30. if you are free. 
the Director of the Engineering School will be in the lobby downstairs at 
the model of the carrier HANCOCK. He will have several officers with 
him. and he would like to show you the facilities we have in the Engi-
neering School. of which this building is a part. 
We have a very able faculty here consisting of about 100 civilian 
professors. about sixty percent of whom have their doctor's degree. A 
majority of the instructors employed in the Engineering School are 
civilian professors. whereas in the General Line School. the majority 
of our instructors are Naval officers. 
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Soon there will be a third school in operation here. We expect to get 
the utmo st out of the taxpayer s' dollar s that are alloted to the Navy to 
spend. Hence, we are establishing a Management or Business Admin-
istration School. The first students in that School will consist of Supply 
Corps officers but. after that, we expect to have both staff and line 
officers attending the Management School and we hope to have a very 
worthwhile curriculum in this field. 
Our L ine School students are young officers who have had about five 
to seve n y ears of commissioned service . We normally have about 500 
line officers s ent back here annually to improve their professional 
education. A s a r esult. when they go back to the Fleet, they are much 
better a b l e to do thei r duties, and they can be put into a much broader 
catego r y of billets (jobs) than forme rly. The General Line School has 
56 diffe r ent cou rs e s in naval subjects, and the classrooms are located 
in the old hote l building. 
The c urriculum. for each officer atten ding the Line School is tailored 
to p r epa r e h i m for his future duties and to overcome, so far as possible, 
the deficiencies in his educational background; this makes pos sible, as 
I mentioned b e fore, the i r future assignJne:r.t to a broader range of 
billets and prepa res them for future comman.d. 
The Enginee r ing School, of which this is one of the buildings, has 
one in-put of s t udents annually - early in August - and currently we 
have more than 400 carefu.lly selected young officers under instruction 
here in 40 curricula. Most of these students are U. S. Navy and Marine 
Corps office rs . but we also have a small number of officers from the 
Army, the Air Force. and the Coast Guard; and we have some from 
foreign countries as well. The duration of the instruction varies from 
one year. a s i n the case of aerology to prepare young officers for aero-
logical dutie s. t o a maximum of three years for a limited number of 
students who a re selected for advanced curricula - engineering, elec-
tronics. ope rational analysis. ordnance engineering, nuclear engineer-
ing. and advan ced specialization in chemistry. metallurgy, and physics. 
The graduate s are not expecte d to be scientists per se, but rather to be 
able evaluators . coordina tor s . and administrators. 
I am very happy to s ee here this morning Admiral Singleton, who 
until recently was Dire ctor of the Engineering School and did a splendid 
job th e rein. 
The Enginee rin g School accomplishes its instruction both in this fine 
plant and at var ious institutions throughout the United States. This fall 
we have about 350 offi cer students taking graduate work in various 






officers taking graduate work in England, studying aeronautical engL-
neering. Our laboratories contain special facilities and equipment for 
technical investigations in fields which are of special interest to the 
Navy, such as acoustics, electronic countermeasures, radar, high-
speed computations, and oceanography. The Superintendent is author-
ized to confer Bachelor, Master and Doctor of Science degrees on 
students who pursue their studie s here and rate such an award. Our 
academic standards are comparable with the best civilian graduate 
institutions and are so recognized and accredited. From the facts 
presented, I believe you will appreciate we are trying to do consider-
able here to improve the brainpower of our officer personnel. 
I want to conclude my remarks with just a few facts about this plant 
which may be of interest to you. The Navy spent about two and a half 
million dollars for this Hotel Del Monte, as it was called, with its 
furnishings and over 600 acres of choice land. The Naval Postgraduate 
School was established here in December, 1951, and the new buildings 
were then started for the Navy. Over 15 million dollars have been 
spent on the School and the improvements to date. The students who 
are sent here have access to La Mesa Village. which is a Navy housing 
project of 519 units built on part of the Navy-owned land here. I am 
sure that many of you know that this area is both historical and very 
beautiful; and I am very happy to say that the people here are very 
friendly to the Navy. That applie.s also to our relations with the Army. 
both at Fort Ord and the Army Language School. 
I appreciate having this opportunity to tell you about the School. 
Please do not hesitate to call on my people here to answer your questions. 
If any of you should stay over, we're going to have our Navy Day cele-
bration on Friday, when the Navy League will present the school with 
a beautiful new flagpole. That ceremony will occur on Friday afternoon 
at two o'clock and is open to the public. We expect there will be a great 
many people present who are interested. lid like to say that that gift 
was made possible through the contributions of the local Navy League 
members, the Service Club members, and numerous individuals on the 
Monterey peninsula. and I think it is an indication of the good will that 
we do enjoy here. 
Again I want to say that we're at your service, and we hope you 'll 
enjoy your stay here, and that it will be profitable. If it i s, try to come 
back sometime • 
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Dr . Miller : Mr . de Guigne. Admiral Stone, Distinguished Guests. 
On behalf of the International Science Foundation» it is :my pleasure to 
welco:me you to Monterey and to this i:mportant :meeting. This is a 
get-together of our participating :me:mbers who have co:m:mon interests 
in the proble:ms that we shall discuss in the next few days. This is an 
infor:mal get-together; every effort has been :made to keep this on a 
strictly infor:mal basis so that we :may all enjoy ourselves while we are 
here i n Monterey and can discuss the scientific :manpower proble:m with 
considerable freedo:m . 
Perhaps you will be interested in how this :meeting ca:me about. Our 
Foundation is pri:marily interested in ideas . We have developed an 
experi:mental San Francisco Bay Area progra:m which seeks to upgrade 
the production of Bay Area scientifi c :manpower by sti:mulating our own 
professional personnel with ideas brought into their laboratori es by 
visiting scientists fro:m all over the world. The results have been very 
e ncouraging. 
As a part of the activities of our San Francisco Bay Area Interna-
tional Science Center, we have developed a handbook of the area's 
s cientific resources. I believe that all of you received a copy of this 
along with your conference progra:m. This handbook is the first of its 
kind in the United States and represents a unique effort on the part of a 
:major :metropolitan area to catalog its scientific resources. Although 
we initiated the project because we needed the infor:mation for the use of 
the several"hundred scientists fro:m abroad who use our facilit i es each 
year» we soon found that we had produced a valuable tool for use in 
industrial develop:ment progra:ms. 
So:me ti:me ago our Executive Director» Mr. Cha:mpion. :met with a 
group of our :me:mbers on the East Coast to discuss our inventory of the 
area' s scientific resources. The talk got around to a discussi on of the 
possibility of alleviating so:me of the areas of our :manpower s hortages 
thr ough the use of our senior :manpower. In June of this year Mr. Cha:mpion 
:met Mr. Robert Mello» Director of Personnel for the Ar:my Ballistic 
Missile Agency. That agency is well represented here and i s one of the 
:motivating forces behind this foru:m. At that ti:me the subject of using 
senior scientists» engineers. and industrialists in helping to work out 
long-range research proble:ms ca:me up. The result was that repre-
s entatives of five of our participating :me:mbers were drawn into this 
d i scussion and enthusiastically endorsed this get-together to discuss the 
proble:m in :more detail. 
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This brings us to the objectives of our conference. We have asked 
the question: Have we explored all sources of scientific manpower? 
Many among us feel that there are hidden sources. For this reason 
we have planned a program which will first define our scientific man-
power requirements and then foster an informal discussion of questions 
such as these: 
What is our scientific manpower problem? 
- in military programs? 
in government? 
in industry? 
in research institutes. universities. and foundations? 
Why do we have this problem? 
Where can this needed manpower be found? 
- outside the United States? 
- in retirement? 
in our colleges or secondary schools? 
in our present research organizations (would better organiza-
tion and better job design free a hidden supply of man-
power) ? 
How can the productivity of our present supply of scientific 
manpower be increased? 
How can now unused manpower resources be marshalled; how 
can they be organized for effective use; and how can they 
be motivated? 
Mter our discussions we have the obj ective of finding areas that we 
can agree upon and then taking some action on recommending a program, or 
programs, which might make a significant contribution to our manpower 
resources. 
These are the objectives of this conference. We are gathered here 
to discuss them in the next few days. We have admirable facilities that 
have been arranged for our convenience and pleasure. The Weather 
Bureau had arranged to have it rain so that we would enjoy being indoors, 
but Admiral Stone canceled those arrangements and provided sunshine 
for us today so we can be indoors and enjoy looking outside. Some 
people coming here from other parts of the United States may not know 
about our justly famous California climate. It is sometimes stated that 
there is no change of seasons in California. That is not true. We are 
in the process of changing seasons right now, and it is too cold to go 
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swimming and not cold enough to go skiing. So we are showing you some 
of our worst weather at the present time. 
If you find anything to complain about, if the facilities or arrange ... 
ments are not to your liking. if you have any difficulties or troubles, 
tell Mr. Champion or Mr. Mello. If things are going well, if you find 
this meeting profitable, tell Mr. de Guigne. tell Admiral Stone, tell me. 
Mr. de Guigne: It is now my pleasure to introduce Captain A. B. 
Metsger, who will speak to us on the Navy's requirements for scien-
tific personnel. 
Captain Metsger: Mr. de Guigne. Admiral Stone. and community 
leaders who share with me a great deal of interest in the scientific well-
being of the United States. 
My subject is liThe Navy's Requirements for Scientific Personnel. " 
But. while I'm going to be talking about the Navy, what I have to say 
applies equally well to all members of the Armed Services. What the 
various services are doing is quite parallel; their needs are quite 
parallel. What is accomplished to help out one service will help all 
three. indeed. will help the United States. 
Yesterday morning in Washington I attended the opening of a meeting 
of Navy and industrial. scientific, and technical people to discuss the 
results of the past summer's study group at Point Nobska at the base of 
Cape Cod. This was a group assembled this last summer to study the 
effect of nuclear-powered submarines on the Navy's submarine and anti-
submarine warfare problems. That we have organized the scientific 
and technical efforts of the country in such fashion as to have made this 
competence available to the Nation, I think,is of extreme importance. 
It is an evidence of what is being done. 
I was interested in the opening of this meeting. Our Chief Scientist, 
Dr. T. J. Killian read a statement he had in his hand, made by the then 
Secretary of the Navy seventy years ago. The then Secretary said that 
unless a Navy exploited the forefront of science, a Navy wasn't worth 
having. Dr. Killian stated we had advanced beyond that point to the 
point where the Services are now at the forefront of science. As I 
describe to you the efforts of the Navy in this field, I think you will come 
to see what I mean. 
I am going to talk about the requirements of the Navy in science, and 
the first thing I'd like to point out is the breadth and the scope of the 
problems of naval research. This comes, of course, from the fact that 






and each of these ships is a whole set of problems -- mechanical. 
hydraulic. electronic. and logistic. not to mention psychological. 
Submarines operate beneath the surface. all with their special technical 
problems. We operate airplanes. guided missiles •••• " ••• guided 
missiles from small air-to-air missiles to heavy bombardment missiles. 
This equipment is operated by about one million men. and these men 
must be trained in hundreds of skills. The men must keep healthy under 
all kinds of environments. They must work together in cramped quarters. 
They must show discipline and leadership and courage under stress. and 
the objective of naval research is to provide the scientific support for 
progress in all these areas. For each one of these areas we need support 
from s e veral scientific disciplines. 
Now I have a list here of the areas of scientific disciplines in which 
we work; the physical sciences. earth sciences. material sciences. 
biological and psychological sciences -- a rather broad area. This is 
the Office of Naval Research. At the same time. the Navy's materiel 
bureaus are in the field of applied research. such as aerodynamics. 
hydrodynamics, and ballistics. Their research deals with nearly every 
kind of propulsion, with shapes of vehicles for travel under water, on 
the water, in the air, or even outside of the atmosphere. These bureaus 
need to know what material will make stronger turbine blades, how to 
prevent dental caries, what shapes will get more thrust from a rocket 
motor, and how to pick pote ntial leaders of men. In short, nearly every 
scientific area affects this complex of naval operations " The same is 
true of engineering. 
The Navy conducts research both by contract and in-house operations. 
We have a large contract program with universities, with industrial 
laboratories. and non-profit research institutions. Indeed. about four-
fifths of our research work is done under contract. We have research 
contracts in some 200 universities, colleges, and other non~profit 
institutions and with some 200 indus trial laboratories. The rest of our 
research work is performed within Navy laboratories and the laboratories 
of other Government agencies. 
The Navy has, indeed. more than thirty scientific facilities. These 
are highly specialized to study scientific and engineering problems 
peculiar to the Navy. Most of these laborator i es and test centers are 
field activities of the material bureaus. They are in close contact with 
the problems of their respective fields • 
Specialized development for specific needs is the keynote of the naval 
laboratory organization. The Office of Naval Research. my own 
activity, has management control of four laboratories. The largest of 
these is the distinguished Naval Research Laboratory in Washington. a 
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general research laboratory. It performs basic and applied research 
mostly in the physical sciences . The other naval laboratories include 
aviation test facilities. medical research units, an ordnance laboratory. 
electronics laboratory. underwater sound laboratory. hydro-dynamics 
sound laboratory. and many others. We have laboratories studying 
epidemic diseases at Cairo. corrosion resistance in Panama, and 
Arctic environmental conditions in Alaska. 
Several factors govern the proportion of work that is done in the 
naval laboratories. First. the workload of a laboratory must stay 
relatively constanti ups and downs give a general feeling of instability 
and restlessness that is fatal to productive research. Second. the 
nature of the work itself has a bearing on where it should be done. 
In general. naval laboratories are used for work that calls for facilities 
that are unique within the Navy. In certain fields there must be an 
intimate connection with the job being done - the sea, the ships. and 
the equipment that constitute the end product. As a matter of fact, at 
one of our laboratories the engineering staff put in 40.000 man-hours 
aboard naval vessels in one year. They are men who know the Navy 
well and intimately and have daily association with naval problems. 
This is a unique resource not available to us in any industrial facility. 
The third factor is that our laboratories need the full range of research 
and development operations. We want to attract good scientific people. 
Now to talk about ONR - the Office of Naval Research. When this 
office was founded jus t after the war. ONR was concerned about the 
future of the many scientifi c areas vital to the Navy. European science 
was demoralized and in this country basic research and advanced study 
in the physical sciences were essentially at a standstill. The Navy then 
set up a program of nuclear research that was virtually the nation1s 
entire nuclear research program except for the residual facil i ties of 
the Manhattan District. The end of the war found much intere st in solid 
state physics. This field had not generally been supported in this country 
before the war. Here again the Navy extended financial support and 
facilities that preserved the full intensity of interest in this field and 
as s ured the present high level of activity. These early programs and 
s imilar ones in other fields prevented a costly loss of time and helped 
restore a supply of essential scientific manpower. When the Atomic 
Energy Commission and the National Science Foundation were established, 
the Navy was able to pull out of some fields with the assurance that 
these other activities would cover the ground. But the ONR contract 
research program is still required to support work vital to naval secu-
rity. This program of ONR provides the means for established scien-
tists to do creative work and. as a by-product. for young graduate 
students to continue their education. Through our contract program we 
have also been able to establish highly specialized groups at various 
universities. The university of Chicago has such a group for mathe-
matics. These specialized groups are available to us as a source of 
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consulting service, and they are widely used. A corollary effect, of 
course, is their contribution to the pool of specialized scientific man-
power. 
Our contract program also enables the Navy to establish modest 
applied research centers at many universities. They are highly 
qualified in specific naval research problems. The Ordnance Research 
Laboratory at Penn State is an example. 
Viewing our contract research program from the standpoint of the 
Navy's scientific personnel needs, we should say that the whole academ-
ic community is to be regarded as a part of our source of supply, and 
to this academic community we add the creative scientists in our indus-
trial laboratories. The Office of Naval Research has a clearly defined 
but flexible policy for trying to make this supply of creative manpower 
available to solve the Navy's problems. 
Briefly, in our support of the basic scientist, we permit the individ-
uals to work on problems of his own choosing, but of course we select 
for support only those with an impli~d naval interest. Whatever he 
contributes to the basic fund of knowledge will benefit the Navy. In 
permitting him to work, we see to it that he is free of governmental red 
tape and that he is free to publish . 
In the more applied fields we actively try to interest the scientist in 
working in some area of interest to the Navy. and we have many proh:" 
lems that are fascinating to the scientist. ONR' s approach is to keep in 
close contact with the academic community on the working level. so that 
scientists are exposed to naval problems; frequently this exposure takes 
on a permanent basis. As an example. a physicist who became inter .. _ 
ested in some of our countless problems ended up working for a year 
with an oceanographer at an academic institution. He began to think 
about certain aspects of our mine countermeasure s problem and came 
up with an idea that had a strong impact on this problem. This was the 
sort of idea that would never have been produced by military initiative 
alone; it was a product of the exposure of the right people to the Navy's 
problems. 
In the market place of ideas, where science gets some of its inspi-
ration, the Navy· s problems and its needs and its technical frustrations 
get a fair hearing. Much of the Navyl s approach to meeting its need for 
scientific work is based on dealing with the scientific com.m.unity in a 
way that gains confidence and respect and on presenting challenging 
problems. ONR's strong support for basic research has nourished the 
growth of scientists in this country. Any such growth helps the Navy and 
the whole national community in meeting our scientific personnel needs, 
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But the most pressing personnel problems come from our own labo-
ratories. We recruit young scientists through campus interviews and 
attract senior people mostly through the many working contacts of Navy 
scientists throughout the scientific world. The symposia that we hold 
and other scientific meetings help in this effort, but our recruitment is 
handicapped by limits on salary in the face of industrial competition. 
We can offer challenging problems, and this frequently is the most 
attractive part of the offer that a Navy laboratory or test facility can 
make. For many positions, we can also offer the opportunity of working 
with very advanced, highly specialized facilities available nowhere else. 
Since there are definite limitations to recruitment, the real challenge 
comes in obtaining the highest possible productivity and creativity from 
our scientific staffs. We must create a good working atmosphere in 
which the scientist's inherent motivation is translated into performance 
because he is thoroughly satisfied with his job. The common-sense 
industrial incentives apply, of course, but we must remember that the 
scientist looks for a lot more than just an eight-hour day and a good 
salary. He must have challenging problems. He must be in an environ-
ment of stable budgets, work continuity. The man's work must be 
characterized by scientific integrity. The scientist must be able to 
travel to scientific meetings. He must be free to publish his results 
unless it is perfectly clear that they must be classified for reasons of 
military security. The job must foster the scienti st's continuing 
scientific development. There is no formal approach that we know of 
that will insure such an atmosphere throughout a complex of programs 
such as those we have in the Navy. It has to be a matter of ingenious 
administration and leadership, to be a favorable climate from top 
administration right down to the laboratory bench. The factors engender-
ed in this way should lead, we hope, to scientific productivity. 
Now, another facet is that of training. Each of our large laboratories 
has organized programs of instruction by its own outstanding scientific 
leaders. Some laboratories offer education at nearby recognized univ-
ersities. The Navy can now pay tuition and authorize temporary duty to 
permit certain employees to attend school for short periods. 
The Naval Research Laboratory for example g has a thorough program 
including courses at the Laboratory by the University of Maryland. 
Intermediate and graduate -level studies in chemistry, metallurgy, 
mechanical engineering, or foreign languages, are organized when 
there is sufficient interest. One of the series offered for the first time 
this year is nuclear reactor engineering. 
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In some areas of NRL scientific thinking. established university 
courses do not exist. and science department heads of local universities 
are unable to establish new courses, in which case the Laboratory 
itself organize s such cours es. which are given without fee. In addition, 
colloquia are held periodically for Laboratory personnel and those from 
other scientific agencies in the Washington area. 
NRL has a cooperative education program under which students in 
the physical sciences and engineering can alternate clas sroom study 
with periods of employment related to that study. and, for young 
investigators of unusual ability and promise the Laboratory supports 
the National Research Council - Nava l Research Laboratory Post-
doctoral Research Associateship . In general . the Naval Research 
Laboratory fosters a broad program advancing the education of members 
of its staff. 
At othe r naval laboratories throughout the country. formal educa-
tional programs also complement on-the-job training . Other labora-
tories support classes and seminar s on the premises and assign people 
to duty off-station to attend classes . The Navy has a program of summer 
employment for college students and faculty members. During the past 
summer. NRL employed 198 college students and faculty members from 
95 colleges . 
Our newest program i s a work- study program under which the Navy 
picks qualified high- s chool graduates for college training and work in 
our laboratories . In some cases they will attend college and work for 
the laboratory part time. In others they will rotate alternate periods of 
full time on the job and full time at college. Under this program the 
Navy plans to pay part of the tuition and some of the other fees and book 
expenses. Then the s tudent will agree to work later for the Navy for a 
period at least equal to his time in the program. Not a nation-wide 
program. this will be u s ed only at installations with a continuing 
shortage. It w i ll be fle xible to allow laboratories to work out the details 
that fit their needs. 
The Navy also needs scientifically trained military personnel. The 
typical naval officer has a basic engineering education. Our Post-
graduate School here at Monterey offers advanced work leading to a 
Master of Science degree or higher degrees. Many officers are sent 
to first-rate technical schools such as M. I. T. or Cal Tech to work for 
a MasterUs degree in an engineering field. A few officers are permitted 
to work toward their doctorate. Within the Navy we have officers 
specializing in engineering. Their careers are devoted to engineering 
and to science. Their as s ignments include direct participation in and 
management of the whole spectrum of research operations. 
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An important aspect of the career of the naval engineering specialist 
is maintenance of close contact with both operating forces and research 
organizations. for he is the individual who is depended on to translate 
the functional needs of the Fleet into technical language that a scientist 
can understand and put to work. 
It is not the Navy's purpose to train naval officers to become scientists. 
Individual scientific accomplishment and broad administrative respon-
sibilityare incompatible. The scientific training of naval officers is 
intended to meet the need for capable. understanding, technical admin-
istrators. In the administration of our research and development 
program. the administrator must be sympathetic and understanding as 
to the needs of the scientists in his organization. He must understand 
what their problems are and what they are talking about, if he is to be 
able to give them the support that frees their scientific concentration. 
I should mention another military aspect of the Navy's scientific 
personnel program. The Naval Reserve includes a component called 
the Research Reserve. Its members are scientists or others engaged 
in some kind of scientific activity. Their training program includes 
seminars at our naval research facilities. An annual meeting on 
nuclear physics at Oak Ridge is one example. The Research Reserve 
companies also work on certain of our research problems as part of 
their training. But the main purpose of this program is to enhance the 
members' value to the naval organization and to assure assignment of 
scientific talent to scientific work if mobilization comes. 
Now in this I've tried to summarize the principal aspects of the Navy's 
scientific personnel needs. I think that there are les sons for all of us 
in the methods which are being used by some of our laboratories to meet 
this problem. There has been very considerable success from the 
efforts so far. These efforts are bound to have significant effect on the 
whole national scientific atmosphere. The Navy is contributing. I think. 
to a qualitative increase through the training and experience which is 
offered in our laboratories and test activities. The opportunities for 
advanced academic education~ contact with top scientists~ and work with 
unique research facilities help to rai se the research performance of the 
individual. 
One result is that Government laboratories are often referred to as 
a training ground for industrial organizations. This poses a serious 
problem for the Government administrator. My comment on the situ-
ation is this: We appreciate the tangible recognition of the excellence 
of our programs that this implies. 
The Navy has also contributed to a quantitative increase in scientific 
potential. The formal training programs of the laboratories are a part 
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of this and the contract research program of the Office of Naval Re-
search is having a profound effect on the number of doctorates awarded 
in this country each year. Applied mathematic s is fl good example. 
The growth of electronic computer usage has produced a great demand 
for people competent in mathematics. Much work. especially in 
numerical analysis. is necessary to full exploitation of present comput-
ing equipment; yet a few years ago this whole area was considered high-
ly unattractive. For many years the Office of Naval Research persist-
ently encouraged graduate and research training in applied mathematics. 
It sponsored the establishment and operation of several powerful applied 
mathematics centers at universIties such as the University of Chicago. 
Today it is the only research agency with a program aimed specifically 
at combating this problem. 
One of my biggest problems in budget defense of the research pro-
grams each year is in mathematicals. Professional naval officers not 
normally exposed to this area donlt understand the need for mathe-
maticians backing up the naval organization. And yet when one digs 
deeply into It. this is one of the scientific fields of greatest need. Our 
whole scientific, in fact our economic. community is re sponding to the 
application of new mathematical techniques. not only in the computing 
machines of our accounting departments, but also in our communications 
systems. even in our design departments, and. to an extreme degree. 
in such things as air defense operations. 
In the field of jet propulsion, the Navy has been backing what we call 
"Project SQUID," research in several science and engineering fields 
having to do with propulsion. Project SQUID alone has provided more 
than 500 student-years of graduate employment training~ 
This contract program of ONR has made available to universities 
very expensive. specialized laboratory equipment. Indeed. in some 
cases our contracts consist only of an equipment loan. This has 
permitted training and research in small colleges that could not pos sibly 
be achieved in any other way. 
The Office of Naval Research supports a contract program primarily 
for the purpose of acquiring new knowledge of naval importance. Except 
in certain cases where we foresee a dire shortage, as in applied mathe-
matics. ONR has not deliberately set out to train scientists. But. since 
employment of young graduate students is involved in practically all 
university projects. scientific training is always a by-product. For the 
long haul, I myself wonder whether the by-product might not be even 
more important than the immediate objective. This contract program 
is designed, however. to meet the Navyf s own needs; it is not an attempt 
to solve the nation~wide shortage of scientific people. 
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Nearly everyone recognizes that the root of this problem lies in our 
secondary schools. This is where the seed of scientific interest is 
planted. or at least nurtured. This is where the choice of a career in 
science is usually made. The motivation of a student at this point 
appears to be the crux of the situation. and a shortage of secondary 
school teachers of adequate quality is a vital aspect. Stripped to the 
bare essentials, this seemS to be the heart of the problem as revealed 
by the many studies that have been made over the last two years. Now, 
concerning this basic, nation-wide problem. the Navy can do very little 
itself. This area must have the full support of many government and 
community activities. High Navy officials have been calling attention 
to the problem and have been constantly probing for solutions. They 
have talked to many educational institutions to get their views on the 
problem. They work closely with the National Science Foundation and 
other interested agencies. Weare doing a number of specific things to 
help. but we cannot alone tackle this. 
We can cite a number of specific things that we are doing to help 
relieve the over-all situation. We employ high-school teachers for 
summer work. It sharpens their knowledge, increases their interest, 
and quite tangibly helps out on the ir income. We feel that this contrib-
utes an added spark to the work of the teacher in the classroom, when 
the student realizes that the teacher himself has spent the past summer 
working in a productive scientific endeavor. 
Another contribution which follow s from Defense Department oper-
ati ons is the pUblicity given to glamorous projects in which we are 
engaged. The nuclear-powered submarines of the Navy and Project 
VANG UARD (the artificial earth- satellite program) are specific examples . 
We get a great deal of magazine and newspaper coverage. We get a 
steady flow of letters from youngsters asking for information on these 
things. 
We Ive received a very large volume of these letters, and my chief, 
Rear Admiral Rawson Bennett. has asked that all replies to these letters 
be sent to him for signature - perhaps another small gesture trying to 
promote and sharpen the interest of youngsters. 
Navy people as individuals are encouraged to interest youngsters in 
a scientific career. Navy people, and all of us. can be very helpful in 
our communities trying to foster this kind of interest in scientific and 
technical things. 
It is amusing that. during a teachers' conveption last year, many 
Navy scientists - and scientists in other areas - relieved Washington 
high-school teachers in the classroom for two days. The basic objective 




I have covered the Navy's needs for scientific manpower. I'd like to 
add just one thought, and that's the rather broader scope of this problem. 
I have been concerned, and many of us have, in reading about advances 
being made the other side of the Iron Curtain in scientific endeavor. 
Then. after reading about these advances, we say "Why" and of course 
we don't have to probe very far. 
In Russia members of the Academy of Science have status and pres-
tige at the top of the community. This is in deep contrast to what 
happens here. We read about the large number of scientific and tech-
nical engineering students graduated in Russia as contrasted with the 
number who are graduated here. And we have a strong impression that 
education in Europe in general is more serious. more intense by far, 
than that in most American schools. It sometimes seems that we lack 
a certain stimulus. We look about and see a very fine economy sur~ 
rounding us, and we're delighted with it. There's every reason in the 
world to be complacent about it. And I believe complacency will work 
out well enough for a few years. But complacency is the last stage 
before the fall. It's up to those of us who can see around the corner, or 
think we can, to see to it that the seeds are sown today for the America 
of ten years and twenty years hence - not only the Navy or Air Force or 
Army, but the whole conununity and that applies to everyone of us. We 
have to take care not only of our immediate needs and keep our heads 
above water now, but we must be planning for the decade or two beyond. 
I'm particularly delighted to be talking to this audience, because I 
see here people who are interested in ~his, specific challenge, who are 
willing to face the responsibility of community leaders of the United 
States for the future America. I do urge every member of this audience 
to take it upon himself as an added community responsibility and repon-
sibility of citizenship, a responsibility of being an American, to see to 
it that the subtle things are done. the subtle things that are necessary 
in order that this country may enjoy ten, twenty, or fifty years from 
now the same kind of security and economic well-being that we enjoy 
today. 
The Office of Naval Research is dedicated to precisely this in our 
little corner of the American Scientific community. On further thought. 
when we examine that part of the scientific community into which the 
scientific efforts of the Navy have gone, we realize that, up to the 
present the Navy has been a major influence on our scientific health. 
This is an influence which must be carried on by the willing support of 
everyone concerned. I can 't thin~ of anything much more important that 
we. here,can do in the discharge of our personal duties of citizenship and 
responsibility. 
Mr .. de :Ouigne:: Thank you very much, Captain Metsger. The morning 
seSSion is now adjourned and we will meet in 15 minutes in the Terrace 
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Mr. Rheem: It is my pleasure to introduce Dr. Wernher von Braun, 
who is well known to all of us and who will speak on our research and 
development program and its manpower needs. 
Dr. von Braun: Mr. de Guigne. Mr. Rheem, Admiral Stone. 
Dr. Miller, Gentlemen. I am happy to be here today at this informal 
conference for the purpose of exploring sources of scientific manpower. 
The International Science Foundation is to be commended for sponsoring 
such a gathering. 
I believe it is the standard practice on the knife and fork circuit to 
tell a gag; so I shall open my remarks with an ice-breaker: A prominent 
banker was asked to speak before a civic club in his city on the subject 
"Success in Business." Naturally, he was full of his subject; so he 
talked on and on and on. The meeting hall was hot and the audience had 
grown weary and uncomfortable. but still he droned on. At the end of 
an hour and a half. he paused and asked if anyone could lend him a 
wristwatch. That was the last s traw! A voice from the back of the hall 
drawled out: "Why the hell do you need a watch? There's a calendar 
behind you~ " 
With that. I shall get on with the subject of manpower. but I'll try 
not to be guilty of the cardinal s in of longwindedness. 
Last spring, I received a letter from a rather disturbed lady from 
Middlebury, Vermont. This good lady's letter read in part: "I am very 
concerned with the desperate need for scientists and the urgency in 
leading the younger generation along scientific paths. I am particularly 
interested in any projects designed to instill an awareness of science in 
its many forms in youngsters on the elementary and secondary levels. 
I believe quite firmly that a permanent interest in science can be culti-
vated in youngsters at an early age. and that they would be especially 
receptive to scientific projects ••• " 
How do you answer such a plea? I must confess that until that time 
I was not aware of just what measures. if any. were actually being 
taken to solve this knotty problem. I was aware, of course, that the 
problem existed. but I certainly had worked out no panaceas. I replied 
to her in part as follows: "It should be encouraging to you to know that 
some remedial measures are being taken to help meet the national need 
for more scientifically trained personnel. It may seem to be a meag~r 
beginning, but one such program is the National Merit Scholarship 
examination which is given each year to students who stand scholastically 
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in the top five per cent of the graduating classes of secondary schools 
which apply for the tests. The program is under the auspices of the 
National Merit Scholarship Corporation and is underwritten by private 
enterprise. The tests are administered by the Educational Testing 
Service of Princeton, New Jersey •.. I heartily agree with your con-
tention that a permanent intere st in science can be cultivated in young-
sters on the elementary and secondary school levels, and that such 
students are receptive to scientific projects ••.. " 
This unsolicited letter from a public- spirited lady who wanted to 
write some articles for her local Vermont newspaper convinced me that 
we do, indeed, face a problem. 
President James R. Killian of Massachusetts Institute of Technology 
stated in an article in Life Magazine that the current scarcity of scien-
tists and engineers has become one of the best advertised shortages of 
our time, thanks to eager recruiting by employee-hungry companies 
and the intelligence that the Soviet's educational output in these fields is 
larger than that of the United States. Industrialists, educators, and 
public officials are ringing the alarm, and we are flooded with diagnostic 
studies seeking to explain the shortage. So far, unhappily, the diagnoses 
have been fine but the remedies few - and ineffectual. It was probably 
one of La Rochefoucauld's maxims which stated that mankind does the 
best it can, which is an explanation, not an excuse. 
It would be folly to suggest that we can find a sovereign remedy for 
the inadequacies of our educational output of scientists and engineers. 
We can't. Because we believe freedom of choice more fruitful in the 
long run, not only for human dignity but for excellence, we cannot do 
as the Soviets do and tell our young people what to study and what careers 
to choose. If there are deficiencies in the attitudes and performance of 
high school students, we cannot change them by fiat. We must use 
incentives instead of directives. We must marshal public opinion to 
deemphasize the' hot-rodders among our youth and to encourage hot 
mathematicians. 
President Killian suggested a four-point program: First, the nation 
should establish several thousand more scholarships to help gifted but 
needy high school graduates go to college. Second, there should be a 
concerted effort to revitalize the teaching of science and mathematics 
in the secondary schools. Third, there should be a national forum like 
the recent White House Conference on Education to throw a spotlight on 
ways whereby the Nation can educate more and better scientists and 
engineers. Fourth, we should formulate the outlines of a grand strategy 
for maintaining our technological advance in the United States. 
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This bold program advanced by Dr. Killian reminds me of the conver-
sation in Through the Looking Glass between the Queen and Alice: 
"Here." said the Queen. "it takes all the running you can do. to keep 
in the same place. If you want to get somewhere else. you must run at 
least twice as fast as that! II 
The solution to the problem of the development of our young talent 
can be summed up in one injunction: do not neglect this gold mine of 
human resources. As the Madison Avenue boys say in their automobile 
advertisements: liThe cars of tomorrow are on the drawing boards of 
today." Likewise. the teams of scientists and engineers of tomorrow 
are in the grammar schools of today. 
It seems to me that there are four sources of manpower from which 
could be recruited more personnel than is being recruited at present. 
One of these sources is the young people which we have already men-
tioned. Dr. Killian 1 s idea on this is that we start now by establishing 
about 9.000 competitive, annually awarded. 4-year Federal scholar-
ships. In short, we must lead this group by the nose into scientific 
pursuits. 
A second neglected source is women. Women should be encouraged 
to compete for these scholarships since there has been a high loss of 
exceptional talent among female high school graduates . We need to 
encourage lTIOre women to major in science and mathematics. particu-
larly women who are willing then to become science and mathematics 
teachers in secondary schools. Also, the woman who has already 
attained advanced scientific degrees should not be overlooked by indus-
try and government. We all know what women contribute to science and 
industry during wartime. We also know that science is impersonal and 
has no gender. There is no reason why contributions to science cannot 
come from the distaff side. Madame Curie is a case in point. 
A third source, it seems to me. is the older person who i s scientifi-
cally trained and who is reluctant to be put out to pasture. The problem 
of finding fruitful and rewarding pursuits for the older citizen has become 
and will continue to be a major cause for concern in thi s country. Geron-
tology and the problem of employment of the older person has even been 
considered by the United Nations as a serious challenge to all civilized 
countries. 
A fourth source is the handicapped person who feels that he has been 
by-passed and forgotten by society. All of us are convinced that every 
individual is entitled to an opportunity equal to his abilities. This 
American conviction has paved the way for greatly increased employment 
opportunities for the physically handicapped. The so-called IIdisabled" 
person is far more like - than unlike - the average individual. His need 
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to be recognized and treated as such- both in society and in business-
lies at the root of fuller acceptance and opportunity for the handicapped. 
In essence. the difference between people is only in degree of ability. 
Startling advances in medical science. new prosthetic devices. amazing 
progress in rehabilitation procedures and the improvement of job place-
ment techniques in industry and government have made it possible for 
the handicapped person, who a generation ago would have been consid-
ered unemployable. to become self-reliant and to take his place as a 
productive and useful cit:i.zen. 
But most of all, we must remember that our future lies in the success 
we achieve in the education of our young people. We must not let indif-
ference or unwillingnes s cause us to fail to see the problem of education 
in human terms - in terms of boys and girls with abilities and aspira-
tions. children who may either be held down and defeated by a poor 
educational system or be given new possibilities and new goals by a 
good one. When we neglect education. we weaken the whole foundation 
of free society. And when we neglect education in an age of global 
conflict. we risk the very safety of our nation and the future of freedom 
in the world. Education is the passport to a better society. Let us 
never forget that the race is to the swift and the battle is to the strong. 
Only two months ago. the Department of Commerce announced that 
the gross national product has for the second time passed the $400 
billi on mark. President Eisenhower has confidently predicted that 
within the next ten years the $500 billion level will be reached. Science 
and technology have played an increasingly important part in this tre-
mendous economic advance. It gives us a confident sense of security 
and well-being to know that we have burgeoning storehouses in our land 
of plenty. However. without the prospect of a revitalizing supply of 
scientists and skilled technicians. our golden glow of prosperity will 
turn to dros s. 
We are constantly warned that the Soviet Union threatens to outstrip 
us in the numbers of technically trained people it produces, and it is 
important to realize the implications of the pos sibility. Furthe rmore. 
the Soviet Union identifies those with aptitude for science and sees to it 
that they carryon intense training actually to become scientists and 
engineers. On looking at education and training in the sciences in our 
own system. we find on the other hand that mathematics and sciences 
are more or less avoided by the average boy and girl in school and that 
many students with high aptitude for sciences and other disciplines as 
well do not choose to develop these attributes by college and graduate 
school education. 
From other sources come further indications as to the nature and 
extent of the shortages . Mathematicians, for example. are high on the 
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list of shortages. and a report recently stated that one aircraft company 
is paying a "bounty" of $100 a head for every mathematician. Inter-
national Business Machines estimated in 1953 that at least 1.500 applied 
mathematicians would be required to man and maintain computers that 
they had installed or that were on order. This year. IBM estimates 
that 7.500 mathematicians will be needed to man computers on order. 
of whom about 1,500 should be Ph. D. IS. 
It is significant that the employment of physical scientists and 
mathematicians by the Federal Government has more than doubled 
since 1947. Incidentally. in 1954, more than 1.600 military officers 
received graduate training in the physical sciences and engineering in 
full-time civilian institutions. 
Another report states that there may be a need for about half a 
million faculty members in our colleges by 1970. A total of more than 
600,000 high school teachers may be needed by 1970. 
It should be apparent to all that there must be a general effort to 
increase the supply at the source by encouraging more able young people 
to go to college and by strengthening the material rewards to be derived 
from entering scientific pursuits in college. in industry, and in govern-
ment. We must devise schemes to make such professions attractive. 
If you remember the Dodo's remark about the Caucus-Race in Alice in 
Wonderland. you will recall that he said "Everybody has won. and all 
must have prizes. " 
A number of industrial research laboratories offer summer jobs for 
teachers which not only help their chronically low financial condition 
but also bring them into contact with new developments in science and 
engineering. Industrial support of summer institutes for high school 
and college teachers of science and fellowships for teachers are other 
useful ways in which to help. At our Army Ballistic Missile Agency. 
we have inaugurated a program of summer student training and also a 
student cooperative program. 
Another vital area for emphasis is basic research. Encouragement 
and support should be provided for basic research across all the fields 
of science, if only because it is impossible to predict in what area a 
capital discovery may be made. History is full of examples. Special 
emphasis should be placed on those areas of research where fuller 
knowledge and factual data are needed, since modern engineering 
advances are dependent upon up-to-date research data. Above all, 
increased support should be provided primarily to colleges and univer-
sities, the natural habitat of basIc research, where the large majority 
of basic scientists are employed and where the advanced training of 
future scientists and engineers takes place. 
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The appoiptment, by the President, of the National Committee for 
the Development of Scientists and Engineers is an interesting step 
because it provides an action committee, not a planning committee, 
through which many ideas for meeting the needs for scientists and 
engineers could be carried out. This committee, which is headed by 
Dr. Harold Bevis, President of Ohio State University. met for the first 
time in May and is now at work on a series of working groups to act 
upon long-range, as well as immediate, aspects of this problem. 
But what of our scientific manpower needs in the research and 
development programs of the Federal Government? In recent years, 
the entire art of warfare has been completely transformed. This has 
come about through the application of science and technology to weapons 
and their uses. It is evident that the safety of our country will depend on 
mai.1.taining a strong military posture for many years to come. A 
primary factor of modern military superiority is technology. This 
means that the nation is faced with keeping underway a mobilized re-
search and development program which goes all out to maintain our 
military superiority. The superiority of our military preparedness 
program might be dangerously jeopardized if maximum utilization is 
not made of our civilian scientific resources. 
Success is not measured in either research or development by the 
amount of money being expended. Real effectiveness comes from the 
brilliance of an imaginative and unfettered scientific mind. Dr. Killian 
expressed this idea when he stated before the Subcommittee on Military 
Operations that a hundred scientists, or even a thousand, cannot be the 
equivalent to one first-rate man working in an environment where he has 
freedom to exercise his imagiriation. This is the difference between a 
research and development operation and one of fighting a war where 
numbers of men, amounts of equipment and supplies, and heavy expend-
itures of money count very heavily. 
However, a variety of personnel requirem.ents is necessary to the 
success of the military research and development program. At the 
basic research end of the spectrum. where there are probably very few 
people, it is necessary to have personnel who are pure scientists with 
all that this term. connotes, living and working in an atmosphere which 
permits the challenging of established principles. At the development 
end of the spectrum, there is a need for personnel of extremely high 
technical competence who can apply existing knowledges and available 
data to the engineering perfection of research models prior to production. 
These also must have a creative atmosphere, a climate hospitable to 
innovation and the stimuli needed for scientific work. 
It would be a great handicap if researchers were compelled to cope 
with a lot of procurement and other administrative problems. There is 
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quite a prope r attitude and procedure in procurement that trie s to ac-
count for every single piece of equipment down to the last nut and bolt 
and screwdriver. But one can easily overdo this with the result that 
research and development work, requiring a flexible support organi-
zation is completely stymied. Happily, serious difficulties in this area 
no longer exist in major government research and development programs. 
Also, it has been felt that there are characteristics inherent in 
military organization which make it difficult to administer an effective 
program of scientific research and development. However, any such 
inherent characteristics have not been so inflexible or formidable that 
military administration must inevitably be considered incompatible with 
the successful operation of scientific research and development programs. 
It is with considerable pride that I want to state that I consider our ABMA 
at Huntsville a case in point 
What about the degree of urgency? Urgency is a value consideration. 
It provides the Government with an additional, though intangible, capa-
bility to mobilize or attract talented scientists from their more normal 
pursuits. Dr. Vannevar Bush, in commenting on continental defense, 
stated that continental defense should be considered very seriously as 
a deterrent to an attack upon the United States. In his opinion, instru-
mentalities for producing effective continental defense are presently in 
existence. Although we are working to solve the problems of continen-
tal defense, he said. it is not being pursued with the strong sense of 
urgency which the occasion demands. I would add to Dr. Bush I s comment 
that the urgency of developing, as quickly as possible, a strong continen-
tal defense is self-evident. 
To bring this matter home, I should like to cite a few bread and 
butter figures concerning our immediate needs in the re search and 
development program at our Army Ballistic Missile Agency. In the 
professional and scientific categories, we currently need 250 people. 
The salaries in these vacancies range from $4,48C to $11,610, and run 
the gamut from chemical engineers to welding engineers. The list 
encompasses openings for electronic scientists, mathematicians, metal-
lurgists, and many openings for general engineers. We also have 
vacancies for chemists, physicists, mechanical engineers, and guided 
missile design engineers. Also included are 25 positions for student 
trainees. 
These salaries are fairly good compared with other government 
agencies and even with industry. What else do we have to offer these 
people? What are some of the intangibles? We offer them the oppor-
tunity to render vital service to their country. We can offer them the 
chance to work with a team of leading scientific and professional men. 
We extend to them the chance to advance in their chosen field. 
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And what can we tell them about the Army Ballistic Missile Agency? 
We can tell them that it is America's first and only agency created 
exclusively for the development of guided mis siles. Operating under 
the jurisdiction of the Chief of Ordnance. it was established this year 
and is responsible for prosecut5.on of the Redstone Missile Program and 
development of an Intermediate Range Ballistic Mis sile System. the 
JUPITER. 
This enormous program needs men - men of vision, ability and 
initiative - young men. whether students. graduating seniors, or recent 
graduates, senior scientists and engineers, professional men. Mr. Mello, 
our personnel director, is aware of this problem and can tell you more 
about it. 
What can. be done to motivate the talent we need in this program-
the talent for which you in industry are also clamoring? Is more pay the 
answer? More opportunities for professional and academic advancement? 
More fringe benefits? More gravy on the potatoes? Or do we just need 
a greater output from our colleges and universities? If we were sure of 
the answers. we wouldn't be here today. Government and industry must 
unite in solving this regrettable problem if the favorable trend of our 
economy is to continue. 
Perhaps it is darkest just before the dawn. There is a positive side 
to the whole matter which h.as been excellently stated in the Interim 
Report of the Joint Committee on Atomic Energy's Subcommittee on 
Research and Development. Commenting on the shortage of scientific 
and engineering manpower, the report notes= 
"It is important to recognize at the outset that these serious short-
ages are not a sign of faill!:re but an indication of startling success. A 
way of life has been created in which the demands made for superior 
skills in every field have become constant elements of the normal 
pattern. A society has been created in which progress is not simply a 
matter of occasional spurts and short-term c:rises. Rapid progress has 
become a normal part of our national life. and the skilled manpower to 
keep up with this steadily and rapidly advancing march of progress will 
be in demand for year s to come. " 
To this statement concerning what the public has come to expect as 
the normal pattern of progress, I should like to add another statement 
from an editorial concerning wha.t the public has come to expect of the 
scientist himself. It is as follows: "Our public has been taught to think 
of the scientist as a mental colossus and a moral paragon, austere, 
dedicated and all. but beyond human vanities in his pursuit of the truth. 
To this assumption of the scientist's moral superiority there has sudden-
ly been added the social pre-eminence a society accords its workers of 
magic. " 
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So you can see from these two statements that not only is science 
expected to produce the formula for changing base metals into gold. but 
the scientist himself must master the sleight of hand of pulling rabbits 
from hats. 
As we conclude the business of this conference. I am reminded of a 
line from "Archy and Mehitabel" spoken by the cockroach Archy: "And 
with these words we parted. each feeling superior to the other J and is 
not that feeling after all one of the great desiderata of social intercourse?" 
Perhaps such parting is one of the needs of the human race. But we 
have too much at stake in this to part without having arrived at some 
constructive conclusions. On September 10. I wrote Mr. de Guigne that 
I believe an exploratory session such as this one is an excellent idea and 
that the profitable conclusions to be expected from a session of this kind 
augur well for all concerned. I still feel that way. 
Mr. Rheem: Thank you. Dr. von Braun. We will now adjourn and 
reassemble in the Faculty Lounge at 2:30 for our afternoon session. 
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Mr. Clark: Good afternoon, Gentlemen. I had anticipated two nice. 
restful days to come up here and listen and learn about my problem-
which is your problem - but then my Vice President, Johnny Alison, 
ran off to Washington this morning and asked me to substitute for him 
at this part of the program. Indeed, I am happy to do it for John. 
Before we get under way, I do bring to this conference from 
John Alison his warmest greetings and best wishes for a most success-
ful symposium. John was the first Chairman of the International Science 
Foundation. I believe, and I'm glad to say Northrop has been an active 
participant in this group since its inception. 
The first speaker this afternoon will bring us a summary of present 
programs in the scientific manpower area. Bringing this message is 
the Director of Personnel and Services, Office of Naval Research, 
Washington.D. C. Mr. McCrensky has been with the Office of Naval 
Research since its inception about ten years ago . In addition he is past 
president of the Society for Personnel Administration, and perhaps many 
of you have availed yourself of reading his latest published article. If 
not, may I urge you to do so. Mr. McCrensky wrote in Science, the 
edition of September 28, a very stimulating article, liThe Scientist in 
Britis h Civil Service. 11 
Mr:. M,=_9Fen~.1w: Mr. Chairman, and fellow worriers about the 
scientlfic pers onnel program, you can see that I have" a very easy 
subject here today. There's been a lot of talk about who is doing any-
thing about the problem. Let me mention a few agencies. The profes-
sional societies, of course. have been interested in this problem rather 
constantly. This is probably natural in that they are vitally concerned 
with the vitality of their professions. The Scientifi c Manpower Commis-
sion, for example, was established about two years ago by the principal 
scientific societies i n the more or less pure scientific fields. It has been 
concerned essentially with what might be called a representative function 
such as testifying before Congress, advocating liberalization for selec-
tive service as it affects scientists and in general serving as a catalyst 
toward better scientific manpower policies. 
In the engineering field. the Engineers Joint Council has for many 
years now been performing a similar role. The Council and its member 
engineering societies have had a considerable impact on the engineering 
schools themselves, particularly in streamlining the curriculum. The 
engineering societies have prepared promotional material for distri-
bution to high schools and colleges. aiming at the young student whom 
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they would like to interest in some field of engineering. Representatives 
of engineering socleties have also visited the schools, particularly the 
secondary schools, to do what many of us have felt has been a very 
urgent need: to try to cultivate more interest in engineering as a career . 
Other organizations, such as the group established by President 
Eisenhower at Columbia (a national manpower commission in a sense) 
have also been working at improving our understanding of the nation's 
scientific manpower picture. 
This group at Columbia has been primarily distinguished by a more 
or less detached approach. They try to remain uninfluenced by pressure 
and have attempted more or less to make an academic and thorough 
study of the problem. They have published three significant studies: 
One deals with the scientific manpower; the second, with the problem 
of the technician; and the third, with a problem that was so well brought 
out at our noon- day ses sion - how to get more effective use of women in 
order to meet the woman-power problem. Another group, the Educa-
tional Testing Service at Princeton, has recently published a very inter-
esting volume called "Encouraging Talent. " 
Durmg my recent trip to England I noted that scientific manpower was 
of great concern to the British; the situation is analogous to that in our 
own country. They are losing experienced science teachers to industry 
and government because of monetary considerations. 
The National Science Foundation has been the official agency concerned 
with the problem of retaining science teachers in the nation I 5 school 
systems. It has established 21 regional institutes, held primarily in the 
summertime, essentially designed to try to improve the standing of the 
science teacher. This of course doesnRt fill the pocketbook of the science 
teacher. but works on his motivation and builds up a greater desire on 
h i s part to stay with teaching. 
It has been stated frequently before congressional committees that 
the on ly direct solution, apparently. to the problem of the secondary 
school teacher is to double or triple his salary. If you read the hear-
ings of subcommittees you will see that this recommendation is made 
not only by outstanding scientists but by outstanding businessmen. They 
present as a national need the retention of a promising teacher. !Ii these 
hearings it has been clearly brought out that in many of our larger cities 
we still have teachers who have been in the science field for years at 
salaries ranging between $4, 000 and $60 000. They're placed in the 
paradoxical situation of having their students go directly to employment 
in. a filling- station or other unskilled occupation at about the same 
salary as thelr own. The Subcommittee on Research and Development of 
the Joint Committee on Atomic Energy, after noting some of these 
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statements made during congressional hearings.is apparently going to 
try to do something about it. We all realize. of course. that this a 
tremendous problem. 
Interestingly enough, when the National Science Foundation started 
its institutes, there were too many women teachers and very few high 
school teachers of the male sex. The reason was primarily financial. 
Men had to get some job in order to supplement their incomes so that 
they could live. The Foundation met this problem by offering a reason-
able stipend to be paid to these teacher G while they were taking the 
training program. Along that line. thereSs actually been a well-organized 
effort to try to increase the annual compensation of secondary school 
teachers in the science field, both in Government and industry. by pro-
viding summertime jobs at reasonably good salaries. serving the dual 
purpose of not only increasing their income but also giving them an 
exposure to whatSs happening in science and engineering. 
The Atomic Energy Commission has been very much interested in 
this same problem. It is presently supporting legislation that would 
permit it to provide secondary schools and colleges and universities 
with what is now very expensive equipment that could be used both to 
interest the student and also to help develop the instructor' 5 knowledge 
of the nuclear energy field. The Atomic Energy Commission also has 
felt it very desirable to e s tablish its own institute program for univer-
sity and engineering school instructors. These instructors attend the 
Oak Ridge Institute of Nuclear Studies and also the program at Argonne. 
receiving a salary and information on the nuclear program. I think we 
all recognize that these 21 institutes reach perhaps something like 1/3 
of 1 per cent of the country's secondary science school teachers but we 
probably should consider them as pilot programs. Industry has. of 
course. taken the lead in trying to increase the supply of students going 
into the engineering schools. There1s been rather wide publicity given 
to some of the industry programs of providing scholarships and various 
other subsidies to the children of employees who want to pursue a college 
career. 
I donOt think that I cou.ld over-emphasize: the problem that1s faced in 
this matter of getting a s uffi cien t number of capable young men and 
women into the university, l e t alone the e ngineering s chool system. 
Some of us, for example, a re co mpletely unawar e of t he fact that tuition 
has tripled and quadrupled i n some case s for the e ngint!e ring schools. 
Even in state universities, there has b een a m u l tiplic a tion of the cost. 
This is a factor that cuts down on the entry into colle ge of very promising 
young men and women. We 're all familiar w i th the s tatistics which have 
revealed that one-third of those with collegiat e apti tudes are not going on. 
Some form of subsidy program would not s olve thi s p r oblem, but it would 
probably help. 
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It still is a basic national problem that we have so many able students 
who cannot afford to go on with university work. In England a large 
number of the students in the British universities are subsidized by the 
government. This has not only changed the character of the British 
universities, but it has added a dynamic characteristic to the British 
working situation, particularly in the engineering field. It has created 
a new type of democratic participation. 
Both of our speakers mentioned what1s happening in Rus sia. It seems 
to me that a most significant aspect of the Russian situation is not the 
quantity, or end-product result of 50, 000 engineers graduating annually-
but the social and cultural emphasis that is placed upon the status of the 
professional man, upon the fact that a person going into professional life 
not only gets rewards while he is in a course of study, but when he 
completes it. It seems to me that we've got to reflect some of that 
attitude in the way in which we regard this problem. 
The Navy has a program whereby on the local level outstanding high 
school students take a competitive examination, and if they are selected, 
are sent to engineering school at Government expense. It is recom-
mended in most of the naval activities that are interested in this program 
that the student pay up to one-half of the tuition cost. The student agrees 
to stay with the Government for each year that he has been subsidized. 
This is a step toward meeting the manpower supply. 
I don1t want to use only Navy people as my frame of reference. 
Admiral Rickover has felt, and has so reflected in his philosophy of 
management in the AEC reactor program, that whenever a new industry 
comes into the reactor program it should be required to recruit people 
for the program from within its own company. !tvs very severely moni-
tored. apparently by Admiral Rickover himself. But they have tried to 
set up the kinds of training programs that are required. They have 
taken technicians and given them the type of training program, at places 
like Westinghouse and some of the other contractors of the AEC, to use 
tUl.eir own resources to meet the need. -This of course has also 
been done for military personnel, and I think that a great story could be 
told about this upgrading program in engineering skills. 
Now of course many of these matters that we have been talking about 
could broadly be considered as utilization. I wonder how many of us 
here are really identifying ourselves with the problem of better utiliza-
tion of our scientific potential. Are we looking at our own company. our 
own laboratory, to see whether some of the present methods are helping 
to solve our problems? Are we expecting somebody to wave a magic 
wand and solve our manpower needs? Perhaps we should now turn towards 
specific and positive aids to alleviate our engineering manpower problems 
along some of the lines brought out by this conference. 
Mr. Clark: Thank you, Mr. McCrensky. We will now take a five-
minute break for coffee. 
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Mr, Clark; It is now my privilege to introduce Captain Richard S. 
Mandelkorn. Commanding Officer and Director of the U. S. Naval Radi-
ological Defense Laboratory. who will give us a new look at the scien-
tific manpower problem. 
Captain Mandelkorn: The current and prospective shortage of man-
power in the fields of science and engineering has received a great deal 
of attention in the recent past. A considerable number of independent 
solutions to the problem have been advanced, and some of these are 
being tried out on an experimental basis. My admittedly cursory inves-
tigations since undertaking this study have led to one inescapable con-
clusion. The only general agreement by all concerned with this 
situation is: "We do have a problem." But so far as an intelligent. 
forceful. well directed and coordinated busines s-like approach to and 
continuing attack on the problem is concerned - well. it is non- existent. 
My new look. then. will be in the direction of a discussion of where 
we find ourselves today. and what should be done about it - in specifics. 
rather than generalities. It would be presumptuous to assume that any 
of the ideas to be discussed are truly new and novel; so many intelligent 
people have been considering the problem assiduously. However. it is 
hoped that some of the proposals will at least have sufficient obvious 
merit to warrant further discussion. and ultimately. implementation. 
The thoughts presented represent a studied effort to gather worthwhile 
ideas from scientist. educator. and businessman. Accordingly credit. 
or opprobrium, should not accrue to the author. he is merely a sounding 
board. One thing is clear: the future health of our country depends 
upon its continuing technological growth and for this we must look to an 
increaSing capacity in the sciences. 
Assume for the moment that we here recognize the gravity and magni-
tude of the situation. and ~an consider objectively the several discrete 
approache s neces sary to contribute to an over- all solution. The greate st 
single task facing us is to secure general recognition of the existence of 
this problem and its importance to the welfare of the country. present 
and future. Unless and until the nation is made aware. the necessary 
support for the broad remedial measures required cannot be forthcoming. 
This is because. as will be evident later. no stratum of our economy, 
no level of our nation's culture. will remain unaffected by the steps to 
be taken. The modus operandi for generating this awareness and for 
engendering a favorable atmosphere will be discussed later. 
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With these somewhat general thoughts as a background. then. I would 
like to consider the over-all problem of inadequate scientific manpower 
in two broad sections: the short-time. or interim corrective measures 
available. and the longer range. broad solution. 
The immediate steps which can be taken divide themselves into two 
categories: first. better utilization of available recognized scientific 
manpower. and second. recognition and utilization of currently unused 
potential in this area. 
The inclusion of "better utilization of available recognized scientific 
manpower" would imply that we are not now managing our scientific 
endeavors with maximum efficiency. This is correct: we are not. 
Now. how can we utilize our scientists more effectively? Several avenues 
of effort suggest themselves. First, use scientific personnel for gener-
ative thinking, not mental drudgery. Give the scientist as much second 
line assistance as he needs and can productively absorb. in the form of 
adequate technical support personnel, both laboratory and clerical. I 
am talking about sub-professional personnel who can effectively carry 
out experimental work under direction. perform calculations. and assist 
in report writing. Be sure the scientist is not bedevilled by adminis-
trative procedures which do not fundamentally require his personal 
attention. Give to him all the mechanical as sistance modern computer 
techniques can provide. Program-wise. protect him as far as possible 
from outside-directed. lengthy, non-productive studies, and conversely, 
see that he is not oppressed by the imposition of a profusion of priority, 
brush-fire projects which interfere seriously with important, long range 
programs. I am sure that these thoughts are not entirely new. But the 
need for early action in these directions is urgent. and the possible pay-
off is considerable. Accordingly, a re-survey of internal operations by 
scientific administrators is highly important. and it is difficult for one 
not to believe that much can be accomplished by such an effort. 
Now let us consider the other aspect of this question - that of recog-
nizing currently unused scientific potential. In the first place. there 
remains in the considerable body of retired professional personnel a 
capability not being completely utilized. Our economic pattern today in 
many instances places on the shelf men of keen insight and fine intel-
ligence, with abundant energy and of great experience. solely because 
of the rigorous enforcement of artificial age limitations or physical 
handicaps. There is no reason why many of this type cannot continue 
to be used, either directly, or at least in specific consultation areas. 
Accordingly. it seems desirable to be sure that we make full use of 
presently available national listings of retired profes sional personnel. 
This would negate to some extent. one would hope, the present unhealthy 
preoccupation with youth now evidenced by some of the newer research 
organizations. Further. retired people with engineering training provide 




While on this general subject, it may be worthwhile to note that there 
have been recent instances of the successful establishment of a research 
activity in a geographical area previously uninhabited by this particular 
species of scientific animal. The manpower attracted from the environs 
was apparently previously unengaged in research endeavors. One could 
continue in this vein. I am sure, but the brevity of this discussion and 
the time available for its preparation demand that we pass on to consid-
eration of the even more important question of the future. 
And here we run head - on into the crux of the problem -- education, 
and, more specifically, education for the sciences. No individual with 
whom this paper was discussed failed to recognize this, bring it up, 
and express himself upon the subject. A wide disparity of views was 
encountered, but each of those interviewed had one thing in common with 
all others : his arguments were vehement. The lesson is a clear one: 
this is an area whe re it i s not easy to be objective, but it is essential 
that we endeavor to be so . 
There are many approaches, but let us see if we can resolve the 
problem into compone nts which are susceptible of analysis. I believe 
we can agree that, first, the child must be motivated to desire education 
in the sciences, then he must be prepared for this education. If he is 
so motivated, and properly prepared, higher scientific education should 
be available to all worthy of it. With this dissection in mind, further 
analys is can proceed. 
Firs t , motivation. There are many forces operating today to 
inhibit the child's motivation for a scientific education. All are signif-
ican.t, but perhaps the foremost is that thinking is not the fashion in our 
culture today, and hard work is not held up as an example of how to 
succeed in our economy. Our educational system, at least in most 
primary and secondary schools, cannot be said to place a premium on 
or to encourage individual thinking, or even, in many instances, to 
allow it. Conformity, and the "easy way", are the norm. Of recent 
years, there have been sporadic attempts to recognize "gifted" children 
and to provide them the opportunity to move ahead, but these are exper-
iments and are by no means general o Again, how can a child conceive 
and cherish a burning desire for a life in science in a world where the 
commonly held concept of a scientist is either an absent-minded, 
impractical (and often improvident) theorist or a sort of demi-god? 
Fundamental to proper motivation then, is the promotion of general 
understanding that scientists are people. In the area of motivation and 
its nourishment then, we need to promote the growth of unders tanding 
that thinking is not only a good thing, but can be fun, and that hard work 
may be interesting and not inherently abhorrent, and that scientists are 
people .... in a nutshell, that a scientific career is a desirable one. 
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There are some specific tools which can assist in motivating the 
child. An important one is the widespread establishment of general 
science courses in the junior high school. Such courses, if properly 
led, can intrigue the pupils with the many fascinating avenues of 
scientific thought, can impart to him the desire to learn more about 
them. They can exploit his innate desire to tinker, experiment and 
build, and lay a sound foundation for future development. However, 
this approach demands dedicated science teachers, capable of inspir~ 
ing their pupils. 
Scientists in many fields can lend a hand here, and to students of 
high school age, by supporting and contributing their time to national 
science clubs. These clubs could be organized along the lines of the 
very successful4-H clubs, and I suggest that we look to the pattern 
of promotion, establishment, and operation of the 4-H clubs for guid-
ance in this field. 
Let us not overlook the fact that our need is not only for qualified 
research scientists who are original thinkers, but also for a sufficient 
body of technological support people to complement them. The latter 
need not come from the relatively small group of "advanced" children. 
Next in order is a discussion of preparation for a scientific educa~ 
tion. Recognize that the large majority of our public secondary schools 
today do not even offer subjects prerequisite to a scientific education in 
college. I refer to physics, chemistry. and mathematics beyond simple 
algebra. Thus, even the motivated child is thwarted, and others who 
might be inspired are left unenlightened. The first step, then. is to 
restore to the curriculum those subjects, essential parts of the pre ~ 
science preparation, which are vanishing like the American Indian. In 
order to implement this, a greater flow of qualified. dedicated teachers 
is essential. since presently science and mathematics teachers are in 
short supply. 
The reason for this is twofold: first, straight economics. and 
second, the relatively low position teachers occupy in our modern 
American culture. But -" restore the prestige of the teacher, and 
pay him a decent living wage, and the supply will grow. 
Of course, there are many other facets to this problem, such as the 
oft - repeated accusation that teachers are preoccupied with pedagogical 
methodology to the exclusion of interest in the subjects they are teaching, 
that teachers are so loaded with extra~curricular responsibilities involv-
ing PTA, coaching, health plans, savings plans, and the like that the 
encroachment upon their professional time is intolerable, that school 
boards are notoriously unsympathetic to educators, that citizens and 
taxpayers are not responsive to the dollar demands of a proper educational 
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system. that education today places a premium on mediocrity. and so 
on. ad infinitum and ad naQs.eam. 
One arrives at the conclusion that a powerful coordinated attack is 
needed on three fronts. and that failure in anyone of these areas can 
vitiate the remainder of the effort. 
First. parents. and. ergo the American public. must be made aware 
that a scientific career is a fine one to which their children can and 
should aspire and that our educational system should be overhauled to 
suit this concept. They should be led to understand that the scientist's 
remuneration. although not as high as we would wish. is not scanty, 
particularly for the young graduate. Second. the child must be provided 
with motivation and with the inspiration and opportunity to grow intel-
lectually as fast and as far as his intelligence will permit. Third, the 
educators must be brought to the realization that our educational system 
must provide inspiration for the average child from whom technicians 
can develop and full opportunity for the advanced child to exploit his 
talent. We need also to develop in teachers the desire for a career in 
teaching science and mathematics, today considered "difficult" subjects. 
How to bring this about will be discussed shortly. But first we 
should consider the availability of scientific higher education for those 
qualified for it and desiring it. Today our colleges and universities 
cannot accommodate a considerable percentage of the qualified students 
desiring to pursue a scientific education. Inadequate facilities and 
lack of instructors. as well as increasing stringency of funds are the 
reasons given. Prominent educators tell us that fewer than 50 percent 
of the children who could profitably pursue a scientific career are 
now going into science for one reason or another. It appears that 
two steps are necessary. assuming that by some means all of those 
with the necessary mental qualifications can be brought to matriculation. 
The institutions of higher education must grow. so that they will have 
adequate physical capacity and staffs to cover their prospective needs, 
and economic considerations must not prevent the qualified student from 
receiving a proper education. 
Industry is recognizing these lacks, to a degree, by recent pro-
grams in assisting students through college and university and direct 
grants -in-aid to the instithtions. In addition to the well known cooper-
ative educational program, some corporations are giving summer em-
ployment to high school students after two or three years of high school 
and then grub-staking them through their higher education on a cooper-
ative plan. This approach looks like a good one, worthy of wide ex-
tension. Time does not permit exploring many interesting and worth-
while avenues this study has opened up. but in extenuation I offer the 
thought that any single paper on this subject must be incomplete. 
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Nevertheless, there is at least one approach to the over-all 
problem of bringing all mentally qualified students to the point of 
entering upon a higher education in science with proper motivation 
and preparation. The major problem appears to be one of educating 
the public, and, to this end, a strong. well directed, and properly-
financed attack along proven lines appears worthwhile. One would 
think that this could best be handled by a public relations organization 
versed in proper exploitation of the mass media, enlisting the cooperation 
on a non-profit basis across the board of the TV networks, the movie 
industry. and the press. Support of such an endeavor could possibly 
best corne from a non-profit educational foundation, supported by 
private philanthropists and by industry. Much is being done along 
these lines today. but since these programs are uncoordinated, their 
value is greatly diluted. It would appear that a strong, early effort 
along these lines is urgently needed. 
As an example of the success of this mode of attack, many have 
cited to me the present stature of the medical profession in the eyes 
of the American public and the fact that, despite the rigours of a med-
ical education, our youth continues to be attracted to it in great num-
bers. There is no reason why careers in science cannot be made 
equally attractive. 
But this will not corne about by conversation between scientists 
and educators or lectures to women's clubs and PTA's. A directed, 
vigorous campaign aimed at destroying our national apathy - and by 
that I mean the attitude of the man in the street - is needed, and is 
needed now. This meeting can be the vehicle for initiating such an 
attack. 
The purpose of this discussion has been to bring to your attention 
a view of the scientific manpower problem today and tomorrow, and 
some few thoughts on how to go about improving the situation. It is 
hoped that the ideas advanced here are sufficiently provocative to 
warrant discussions during our next session. It has been interesting 
and stimulating to make this presentation, because I am convinced that 




Thank you, Captain. We will now open the meeting for 
Remark from the floor: The matter of using the retired scientific 
personnel is one that, of course, has occurred to a lot of people, but 
most people have not faced the problem squarely. The real problem is 
that they have been retired at an arbitrary age because of the danger of 
having personnel stay on in high positions after they begin to go downhill, 
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and so far nobody has been able to tell us just when they go downhill. 
Sixty-five seems to be an arbitrary age that has been chosen just so 
that it won't be discriminatory against any particular person; however, 
some people ought to be retired at 60 and some might go on to 70 or 
beyond. It seems to me that one of the things that might be very us e-
ful here would be the development of some objective tests for changing 
the arbitrary retirement age and subjecting personnel to tests before 
they start to decline. 
Captain Mandelkorn: Now this is a two-pronged question, but a 
few thoughts occur to me. First of all, I had prepared a much 
lengthier discourse on this subject, and I was warned off by my own 
people on the basis that considerable use is being made today of 
retired professional people in the sciences . particularly the physical 
sciences. Those who have anything on the ball are being used. I 
think your point that some people are dead betwe en the ears at the age 
of 40 and others continue on as active thinkers at the age of 70 is very 
well taken. However, I know of no way that we can look to the early 
creation of a generally acceptable psychological test. This sort of 
thing would have to depend on personal interviews and evaluation of the 
people concerned. I'm mer e ly suggesting that full use be made of them, 
and I am also pointing out that I find many retired engineering people 
who could do a fine job at t eaching if it could be demonstrated that it 
would be useful to them, to the country. and to the children if they 
would take on the task. 
Question from the floor : I'd like to ask you a little more about this 
national listing . 
Captain Mandelkorn: Let me go back to what was in the original 
draft. I asked for the creation of such a listing, with brief notations 
as to the accomplishments and capabili tie s of the retired personnel 
concerned and any limitations of age or physical condition. If such a 
listing does not exist, it would see m highly desirable that it be estab-
lished. 
Remark from the floor : One of the participants in this symposium 
today, Dr. Panunzio. maintains such a listing, he tells me, for retired 
university personnel~ so we should have an expert on the subject right 
here in the room. 
Captain Mandelkorn: This might be an appropriate subject for the 
panel discussion tomorrow. 
Dr. von Braun: Captain Mandelkorn brought up the very important 
question: do we really make use of the scientific and engineering person-
nel that is available today, or could one improve the utilization of 
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personnel that is actually engaged? I should like to make one observation 
here. I think that this is a very important subject. Today you can't get 
any major development started without complete development teams 
rather than individuals. Very often the team completes a certain job, 
and, after the job has been completed, a certain shift has taken place 
and. for some reason or other, there's no Government contract following 
to keep that team busy. This particular company desperately tries to 
keep the integrity of the team intact, but these people actually have noth-
ing to do and very often they are employed for long periods of time with 
all kinds of unrelated subjects just in the hope that some fine day Wash-
ington will corne back with a good contract. I really believe that this is 
really a very important thing. It has something to do with the contract 
procedures in Government itself. 
Captain Mandelkorn: You might complicate this picture still further ••• 
The three branches of the service are not aware of the non-utilization 
of such a team that one service has finished with for the moment. It 
could be something within the capacity of the Department of Defense 
itself to resolve. 
Remark from the floor : I would certainly say Amen to that from the 
point of view of the government contractor. One of the greatest financial 
hazards is the method of placing contracts. One day we're so loaded 
that we don't know how we can get through. and then suddenly all this 
evaporates and we don't know what to do. and we don't have enough mar~ 
gin to keep flitting around. so that if you get caught without enough mar-
gin, you've had it. 
Captain Mandelkorn: There are two places that this can be rectified 
in Washington. Within the services it is the business of the cognizant 
Assistant Secretary. Within the Department of Defense there is an 
Assistant Secretary of Defense for research and development and also 
one for applications engineering, who I know are looking at this problem 
right now. 
Dr. von Braun: Talking about the situation in Rus s ia, I strongly 
suspect that, in this particular area, the Russians are probably more 
flexible because they have no competition and no private business. 
Captain Mandelkorn: I might say, following this up. that to a certain 
extent the Navy does exactly this in the shipbuilding area. We do not 
allow a qualified shipbuilder to languish without work. He is kept suffic-
iently occupied by. in some cases, allocated contracts so that this cannot 
happen. In other words, there is a precedent for what you are talking 
about. 
Dr. von Braun: I think Government laboratories are certainly not 
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the only answer. After we had practically completed our Redstone devel-
opment, we didn't know whether people were leaving the place, and we 
didn't know what to tell them. Even in the Government these things can 
happen if you don't have job assignments. 
Captain Mandelkorn: In our own Laboratory we have exactly the same 
situation at the point when the financial support of the sponsoring agency 
is withdrawn. Do we stop, or do we find some way of going on? This 
points up an important area in which we can get more out of our present-
ly available scientific manpower. 
Remark from the floor: This problem is not solved in industry when 
industry is dealing with government. It may be solved in a business 
where you can statistically figure on a continuation at a certain level, 
but when you get these big contracts. big changes in government policy, 
it's not solved at all. 
R~mark from the floor: I think this problem is more acute with the 
strictly research and development organizations. 
Remark from the floor: All of these questions are the questions which 
the International Science Foundation has kicked around. This is the 
reason for the conference. We hope that in the discussion tomorrow. 
some light will be brought to bear on ways of resolving the questions. 
As for listings. there is a partial listing that has been started by the 
Emeriti Census ••• I don't think there's a listing of professional people 
who have retired. We hope that as a result of this program we can 
inaugurate a program that can do this sort of thing. 
Mr. McCreQsky: I want to comment on a very basic point made by 
Captain Mandelkorn and that is the value of getting a Llational promotional 
campaign to underline the importance of careers in science underway. 
This may be something that perhaps an organization like the National 
Science Foundation could induce the CBS or NBC to do as a public service 
here - maybe through television or radio. 
Captain Mandelkorn: There seemed to be no point during my paper 
at which it was proper to insert one observation. but I am profoundly 
convinced that this national promotional campaign which is necessary 
should not. for very many reasons. be underwritten by the Federal 
Government. (Applause.) 
Mr. Davison: There are probably five or six agencies at the present 
time that are now sponsoring or proposing such a thing. Which one are 
we going to choose? 
Captain Mandelkorn: Let's look at an example of a successful. 
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nationally supported, coordinated effort. In this particular instance, 
industry and the Government cooperated. I'm speaking of the NACA, 
which has managed to attract ~alerited. capable, intelligent people and 
have a well-directed program which is accepted across the board. It 
should be possible to duplicate it. The minute you get Federal control. 
you have Congressional control, and you have to sell the entire Congress 
on whatever program you have decided upon. I'm not convinced that this 
is feasible. 
Question from the floor: Do you feel that it is easier to convince the 
public in general than to persuade Congress to appropriate the money? 
Captain Mandelkorn: As a former comptroller, yes. 
Remark from the floor: It seems to me the financial angle would 
override so many considerations: social, the type of professors, etc. 
Captain Mandelkorn: Madison Avenue has managed to convince the 
laborer that what he wants is what he needs no matter what his actual 
requirements are. The point is, the end we have in view justifies this 
means. That's why I made the remark - "let the pro's do it." If we 
continue to nibble at it as amateurs, I don't think it will get done. 
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Dean Glasgow: It gives me great pleasure to introduce Dr. Ernst 
Stuhlinger, Director of the Research Project Office, Army Ballistic 
Missile Agency, who will speak to us on the "Outlook to Space Travel." 
Dr. Stuhlinger: Ladies and Gentlemen. It seems appropriate, after 
enjoying the Navy's wonderful hospitality, to begin this talk by remem-
bering one of the greatest Naval men of all times, Christopher Columbus. 
I can imagine that Columbus must have felt the same burning challenge 
to discover new lands as do the prospective space travelers of today. 
However, there is one important difference between the two: Columbus 
had the ships but did not know where he was going: the modern space 
traveler knows exactly where he wants to go - to the planet Mars - but 
he lacks the transportation. 
This need not be the case, however. Although we do not have a space 
ship yet, we have a fairly clear idea of how an interplanetary vehicle 
would work and how it must be built. 
We know of only one physical principle which provides the practical 
means to propel a vehicle through empty space; that, of course, is the 
rocket principle. The possibility of interplanetary travel with rocket 
motors has been recognized decades ago. The names of three brilliant 
men mark the beginning of space travel: Professor Goddard, an Ameri-
can; Professor Ziolkovsky, 2. Russian; and Professor Oberth, a German. 
But only after the first large rocket-driven guided missiles had been 
developed, had we gained enough experience to make realistic design 
studies of a space vehicle. During the last few years, a number of 
articles and books on space travel have been published. By far the most 
realistic studies were made by Dr. Wernher von Braun, the developer 
of the V2 -rocket. His newest concept of a space ship for a round trip to 
Mars is a vehicle of about 1700 tons initial weight, with 35 tons of pay-
load (Slide l). The propellants are nitric acid and hydrazine. Two such 
ships, carrying a crew of twelve men, would make the expedition. The 
travel time to Mars would be 260 days. The total time of the Mars 
expedition, however, includes a waiting period on Mars. This period is 
determined by the fact that the return trip must be accurately timed in 
order that the ship meets the earth at a predetermined point on its 
ellipse around the sun. All told, the expedition time would be a little 
more than two and one -half years. 
The remarkable fact about Dr. von Braun's very detailed Mars proj-
ect is that it is based entirely on technical and scientific knowledge which 
we have today. Any speculations concerning future discoveries are 
strictly avoided. 
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It would be hopeless to try to design a space ship which takes off 
from the surface of the earth, overcomes the atmospheric drag and the 
earth's gravity, covers the long distance between earth and Mars, 
makes a safe and gentle landing on the uninhabited planet, and is still 
prepared and equipped to make the return trip to its home base. For-
tunately, this complex transportation problem can be handled with ease 
by subdividing the voyage into several phases. Thus, the first step to 
interplanetary travel will be the establishment of a space station, orbit-
ing around the earth as a satellite at an altitude of about 1000 miles 
above its surface (Slide 2). Commuter traffic from the earth to this 
space satellite will be made with large, three-stage rockets. The 
winged nose section of these rockets, a sort of fourth stage, is used 
for the return trip from the satellite to earth (Slide 3). 
The second part of an interplanetary trip covers the long stretch 
from the satellite station to an orbit around Mars. The space ship, 
traveling from the earth satellite towards Mars will not land on Mars 
but will end its voyage in a circular orbit about 600 miles above the 
Ma~tian surface. 
For the third phase of the trip, a winged landing craft will be detached 
from the orbiting ship. It will reduce its orbiting speed by rocket power 
and enter a downward trajectory. After a long glide through the Martian 
atmosphere, it will land either on skids,like a glider, or by parachute 
and counter rockets. 
At the end of the exploration period on Mars, the landing boat will 
take off from the planet by rocket power and will join the space ship, 
which is still orbiting about the planet at an altitude of 600 miles. The 
crew will transfer back to the ship and will make the return trip to the 
earth satellite. The last portion of the expedition, the hop from the 
satellite to earth, will be done by one of the winged fourth stages of the 
commuter rockets. 
The longest part of the voyage will be the section between the satel-
lite orbit around the earth and the orbit around Mars. The space ship 
will be tailor-made for the conditions prevailing during this voyage. 
Quarters for the crew will be sealed and provided with an artificial 
atmosphere. The ship will not be streamlined since it travels only 
through a perfect vacuum. The thrust of the rocket motors need not 
lift the vehicle against the gravity forces, since these forces are 
exactly balanced by centrifugal forces in any object that moves around 
in a satellite orbit. Even a relatively low thrust will enable the ship to 
leave its original satellite orbit and to enter into a trajectory which 




The space ship will be assembled in the satellite orbit close to the 
space station. All components of the ship, its equipmentD and the fuel 
needed for the round trip, must be carried into the satellite orbit by 
the three -stage commuter rockets. These carrier rockets must over-
come the earth's gravity and atmospheric drag, and they must impart 
to their payloads the orbital velocity of about seven miles per second. 
This earth-orbit operation proves to be the most costly part of the 
entire Mars expedition. For every pound of payload, about 160 pounds 
of take-off weight must be invested in the commuter rockets. The 
space ship designer will, therefore, make the greatest effort to build 
his vehicle as light as possible. Furthermore, he will plan the expe-
dition in such a way that any components which become unnecessary 
during the voyage, such as empty tanks, containers, supports, and even 
instrumentation, can be disposed of immediately. Ship and crew should 
finally arrive back in the earth satellite orbit with a bare minimum of 
equipment and reserves. 
By far the largest part of the take-off weight of such a space ship 
will be made up of the propellants. The attempt to reduce the mass of 
a space ship, therefore v leads immediately to an investigation of its 
propulsion system. The basic rocket equations show that the perform-
ance pf a rocket engine is mainly determined by the exhaust velocity of 
the gases from the combustion chamber. Too, in rocket engines based 
on a chemical reaction between the propellants, the exhaust velocity is 
intimately related to the temperature inside the combustion chamber. 
The temperatures at which modern combustion chambers operate are 
clos e to the maximum temperatures which can be expected from chemi-
cal reactions·. There is not much hope that the performance of chemical 
rocket motors can be improv ed much beyond the point at which we have 
arrived today. 
It seems, however, that another type of reaction motor holds some 
promise for use in an interplanetary vehicle. If the velocity of the 
exhaust particles is not produced by the heat energy of a chemical reac-
tion' but by electrical fields v much higher exhaust velocities can be 
obtained. The amount of electrical energy which can be imparted to a 
given mass of exhaust material is much. greater than the energy which 
can be given to the same mass by a chemical reaction. Also, the elec-
trical field would direct the exhaust particles in such a way that they 
would not strike the thrust chamber walls. Hence v the wall heating 
problem in an electrical engine would be considerably less than in a 
chemical engine. 
An electrical propulsion system would require the ionization of a 
suitable propellant material. It would also require a primary power 
source D the conversion of the primary power into electric power, and a 
thrust chamber in which the electric power is applied to accelerate the 
ions . 
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A detailed study of the feasibility of an electrical propulsion system 
has already been made. This study has proved that an electrical system 
is feasible and that an electrically propelled space ship would be much 
lighter than a ship with a chemical propulsion system. The electrical 
system would, however p be definitely restricted to space vehicles trav-
eling between satellite orbits because the thrust of an electrical propul-
sion system would always be so small that it could never lift the vehicle 
from the surface of a planet against the gravity forces. The propulsion 
system would operate continuously, first accelerating the ship, and later 
decelerating it by reversal of the thrust direction. In the Mars trip, for 
instance p the ship's velocity would increase steadily up to the point of 
thrust reversal and then decrease to such an amount thatp upon the 
approach to Mars, the ship would be captured by the planet's gravita-
tional field. The primary power source must generate power throughout 
the tilne the ship is traveling. The total length of travel time for a 
round trip to Mars will be of the order of two years. 
The basic assumptions underlying the design of the electrical sface 
ship are a payload of 150 tons, and an acceleration of at least 1 0 '" g. 
The payload includes the crew, with equipment and sufficient supplies 
of oxygen, water, food, living quarters, observation instruments, and 
the landing craft with equipment for the crew to subsist on Mars. The 
minimum acceleration must be great enough to complete the round trip 
in a reasonable time and to allow the expected corrective maneuvers 
during flight. A nuclear reactor is chosen for a primary power source. 
It is a "fast" reactor for weight ... saving reasons, containing twelve tons 
of uranium. Its U~235 content is enriched to about 1. 7'700 The 
reactor heat is absorbed by a cooling system employing sodium"'potassium 
as a coolant. 
The reactor is located at a point about 250 feet away from the living 
quarters . It is shielded by a thick layer of beryllium and a sheet of 
boron so that the strong neutron and gamma radiations are kept away 
from the living quarters. The heat energy contained in the sodium'" 
potassium is transferred to a working fluid (silicon oil) in the heat 
exchanger. Steam produced in the heat exchanger d.rives a turbine which 
is coupled to an electric generator . The steam leaving the turbine enters 
a large radiation cooler where it condenses again. From there, the 
fluid is pumped back to the heat exchanger. 
The material best suited for the propellant is one that can be ionized 
easily and has a high yield. An alkaline metal like rubidium or cesium 
will be chosen. The atoms of these metals are ionized with almost 
100 % efficiency when they strike a hot surface of platinum foil . A 
temperature of about 2000 C is enough to produce a sufficient vapor 
pressure of the alkaline element. The vapor enters an ionization cham-
ber containing hot platinum grids. and the ions are extracted from the 
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cham.ber by an electric field. This field accelerates the ions in the 
thrust cham.ber to a velocity of about 50 m.iles per second. They leave 
the propulsion system. in a steady flow, representing an electric current. 
The electric power, as determ.ined by this current and the potential 
difference through which the ions pass in the thrust cham.ber, m.ust be 
provided by the electric generator. 
The m.axim.um. current density which can be obtained in the thrust 
cham.ber is lim.ited by space charge effects. These effects also influence 
the form.ation of the jet of ions which extends from. the thrust cham.ber 
into em.pty space. An unlim.ited beam. of ions - even a beam. of a notice-
able length, in fact, - would be im.possible. The space charge would act 
back on the thrust cham.ber and would neutralize the accelerating field. 
In order to produce and m.aintain a continuous flow of particles out 
of the propulsion system., the ions m.ust be electrically neutralized soon 
after they leave the thrust cham.ber. Fortunately, this neutralization 
can be achieved rather easily. When the alkaline atom.s com.e in contact 
with the heated platinum. grid, one negative electron jum.ps off every 
atom., leaving a positive ion behind. The electrons enter into the plat-
inum. foil. These electrons m.ust be expelled from. the ship - otherwise, 
the ship would quickly assum.e a strong negative charge which would pre-
vent any further expulsion of positive ions through the thrust cham.ber. 
The natural way to neutralize the ions is to expel the electrons in the 
im.m.ediate vicinity of the ion thrust cham.bers. The two beam.s m.ix 
shortly behind the end of the thrust cham.bers and the electrons recom.-
bine with the ions to form. neutral atom.s. In this way, the strong space 
charge of the exhaust jet is avoided. 
An expulsion cham.ber for electrons consis ts of a hot filam.ent which 
em.its electrons, and a field of about 200 volts potential difference. One 
ion thrust cham.ber has a diam.eter of about one inch, and a total of m.any 
thousand thrust cham.bers will be needed to produce the thrust required 
for a space ship. The ion cham.bers and the electron cham.bers are tight-
ly packed so that neutralization of the ions occurs at a distance of about 
one inch behind the thrust cham.bers. It is assum.ed that the power plant 
and thrust cham.bers are in operation during the entire trip, either 
accelerating or decelerating the vehicle. 
A schem.atic of the nuclear reactor, the heat exchanger .. the turbo-
generator, and the ion and electron cham.bers is shown in Slide 4. The 
largest com.ponent of the propulsion system. will be the radiation cooler. 
The optim.um. size of the cooler is one for which the total m.ass of the 
power generating system. is a m.inim.um., based on a given electrical power 
output and a given tem.perature of the hot steam.. The figure character-
izing the specific power of the power plant, m.easured as kilowatt output 
divided by total m.ass, proves to be one of the decisive figures from. 
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which the design of an electric space ship must start. This figure was 
found to be of the order of O. 1 kw per kg. With that figure, an assumed 
acceleration of at least 10-4 g, and a total payload of 150 tons, the de-
sign data for a space ship capable of going to Mars and back can be 
derived. 
The detailed study shows that for any given set of the four paramet-
ers : payload, minimum acceleration, specific power, and destination 
planet, optimum values are found for propellant mass, total power, and 
accelerating voltage. With these optimum values, the total initial mass 
of the space ship is a minimum. Values different from these optimum 
figur es would result in a heavier ship. 
The following design data were determined for the ship: 
Total initial mass 
Propellant mass 
Total electric power 
Accelerating voltage 
Exhaust velocity 





50 miles per sec. 
110 pounds 
The travel time of this ship to Mars would be a little over a year; the 
time for the trip backl> a little less than one year. The ratio of total 
initial weight to payload is less than 5 to I , which is a very favorable 
figure for a rocket-propelled vehicle. 
The structural design of the ship will take into account the absence of 
atmospheric drag and appreciable acceleration forces. Structural ele-
ments will be very lighta The proposed design is shown in Slide 5. It 
is symmet rical around the longitudinal axis l> with the reactor at one end 
and the living quarters at the other. As soon as turbine and generator 
start to turn, the entire ship revolves slowly in the opposite direction. 
The rotation of the ship, which continues a s long as the turbogenerator 
turns, is very des i rable, because it makes the condensed fluid in the 
cooler flow to the outer rim, from where it can be pumped back conven-
iently to the heat exchangera Alsol> the crew in the toroidal living 
quarters will sense at least a little gravity, simulated by the centrifugal 
force. The thrust chamber with propellant tanks will be mounted in 
such a way that the thrust force always goes through the center of grav-
ity of the entire ship. The landing craft for Mars will be attached to the 
thrust chamber unit, with the thrust vector pointing through its center 
of gravity a The thrust vector will normally be parallel to the tangent 
of the trajectory. 
The flight path of a space ship with an electrical propulsion system 
differs from that of one powered by chemical rocket motors. The 
54 
acceleration of an electrical ship is only a small fraction of one g. Its 
propellant consumption and mass ratio are smaller than in a chemically 
powered ship. The time of propulsion is much longer. As mentioned 
above. the electrical propulsion system operates during the entire trip 
except for a few powerless periods of short duration which are needed 
for corrective maneuvers. The electrical ship's trajectory will not 
follow an elliptical path. but segments of spirals. 
At first. the ship spirals around the earth (Slide6). and its distance 
from the satellite station increases very slowly tafter two hours. it 
will be not more than 20 miles away}. After one hundred days of steady 
spiraling. its distance from the earth will be 100. 000 miles - about 
half-way to the moon - and it will have completed 376 revolutions around 
the earth. 
A few days later. its speed and distance from the earth will have 
become so large that the ship is no longer restrained by the 'earth's 
attractive force. Its trajectory will flatten out. making a transition 
to a large spiral around the sun (Slide 7). Its speed continues to in-
crease as does its distance from the sun. 
On the 195th day. the thrust unit will be rotated through 180 degrees 
and the ship starts to decelerate. If it did not. it could never be captur-
ed by the Martian gravitational field. The deceleration leads the ship 
gradually into an in.ward spiral about the sun. 
On the 276th day. the thrust will be switched again to acceleration. 
and this last maneuver carries the ship gently into the Martian ellipse. 
It arrives there on the 347th day. If the entire trip has been timed 
correctly. the ship will approach a point on the Martian ellipse where 
Mars is located at that time. If the ship should arrive too late or too 
soon. it will merely turn its thrust vector slowly towards the sun or 
away from the sun. By doing this. it manages to stay in the Martian el-
lipse with overspeed or underspeed. In the first case. it will approach 
Mars from the rear; in the second. it will be approached by Mars. The 
approach of the ship to the Martian ellipse and the capture are shown 
in Slide 8. A few thrust maneuvers. as indicated in the figure. will be 
necessary to direct the ship into a spiral around the planet. Otherwise. 
it would crash on Mars or pass the planet in a hyperbolic trajectory. 
On the 402nd day. the ship will have descended on its spiral to an 
altitude of 600 miles above the surface of Mars. The crew shuts off 
the motor and prepares for the exploration of the planet. The correct 
time to start the return trip will still be 472 days away. This long 
waiting period gives the crew ample time to observe Mars closely by 
telescope and rocket probes. to descend to its barren surface with a 
winged landing craft. to explore its landscape and study its mysteries. 
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and finally to return to the orbiting space ship by means of the rocket-
powered central part of the landing craft. 
The trip back to earth will be similar to the earth-Mars trip. It will 
begin with 42 days of spiraling around the planet. Then, a decelerating 
period follows which puts the ship into an inward spiral around the sun. 
Subsequent acceleration adapts this spiral to the earth's ellipse. A few 
capture maneuvers follow, and a narrow spiral around the earth ends 
the long trip. After a total time of three and a quarter years, the crew 
arrives again in the orbit of the satellite station. A short shuttle trip 
takes them down to earth. 
The continuous operation of the propulsion system makes the guidance 
of the space ship easy. At no time will there be a need for unusual 
accuracy of presettings or aiming. Corrections can be introduced any 
time as soon as the trend toward a deviation becomes noticeable. During 
the spiraling around the earth. or Mars, for example, a period of power-
less orbiting can be introduced in case a time delay should be needed. 
If the ship should be late, it can gain time during the spiraling phase 
by opening the throttle a little more. 
Navigation likewise will not impose unsurmountable problems. The 
$hip will keep a constant watch of the earth, Mars, Venus, Jupiter, and 
the sun. The directions to these celestial bodies with respect to the 
direction to one of the fixed stars will be continually measured and re-
corded by automatic star trackers. The actual positions of the sun and 
the planets in a coordinate system fixed to the stars are accurately 
known from the astronomical almanac. With these two sets of data, the 
instantaneous position of the ship can always be found. In fact, the ship's 
coordinates are continuously cOqlputed from the star tracker readings 
and compared with the expected coordinates. If any deviation should 
occur, corrective measures will be taken immediately. 
In spite of the fact that relatively simple techniques are available by 
which a space ship can be propelled, guided, and navigated through inter-
planetary space, a number of questions remain which might appear much 
more difficult to solve. Meteors and cosmic rays present a danger un-
known to earth-bound beings who are well protected by the atmospheric 
shield. 
Maintaining an artificial atmosphere so human beings can live inside 
the living quarters and the space suits and work comfortably sounds like 
a tremendous problem. A total travel time of two full years duration 
spent in the monotonous seclusion of the ship's living quarters may seem 
a psychological impossibility. But things are not as bad as they might 
seem. Small meteors, which are frequent, can be shielded off by an 
absorbing meteor bumper. It consists of a thin sheet of metal around 
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the ship. Larger meteors are very rare. If one of them should punch 
through the wall of the ship. the doors of the damaged compartment close 
automatically. and in most cases the damage can be repaired before a 
real disaster develops. If a vital part of the ship's machinery should be 
destroyed. the crew abandons that ship and boards one of the other ships 
(there will be a total of about lO ships traveling together in one expedi-
tion). If a man should be hit -well. the probability for such an accident 
is about comparable to the probability that a man loses his life on this 
earth in some kind of an accident. 
We 3till know little about the dangers of cosmic radiation in outer 
space. But we do know that these dangers are much smaller than prev-
iously assumed. and we may be confident that ways and means of effi~ 
cient protection will be available before the first trip to Mars begins. 
After all. the manned satellite station will represent an excellent re-
search laboratory to study all the effects of outer space. including weight -
lessness, artificial atmosphere~ and life in confined quarters. By the 
time the first space ship leaves the satellite for Mars, its voyage will 
be much better prepared. in every respect and detail. than was Colum-
bus' expedition when he started out to find this continent. 
The probability of the safe return of the spacefarers to earth will be 
greater than it was for many a daring and courageous team who set out 
in the pas t to dis cover new lands. 
The crew on an interplanetary ship will have more comfort and more 
space to move around than the crew on a modern submarine. They will 
stay in constant contact with earth by radio and television. The men to 
be selected for the expedition must be of excellent health and stability. 
They will be persons of the scientific type who combine the love of ad-
venture with the craving for scientific knowledge - men who can forget 
their personal desires in favor of the idea of a great technical and scien~ 
tific achievement. Men of this nature will not mind spending two quiet 
years traveling onboard a space ship. In his normal life. such a man al-
ways carries with him a backlog of unfinished scientific work which he 
cannot find the time to complete o If he is given the opportunity of two 
full years of undisturbed time to study and work on his pet projects, this 
prospect will be for him one more dream to corne true when the first 
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Mr. Brown: As presiding officer this rn.orning I have two basic 
functions: one, to introduce the speakers and the two rn.oderators of 
the panels: secondly, to set the few ground rules for the panel in order 
that we keep the discussions within the basic frarn.ework of the rn.eeting's 
purpose. 
Another paper has been added to the prograrn.. the subject rn.atter of 
which was not covered in yesterday's session, and we will hear first 
frorn. Mr. Balch. His subject is "A Manpower Problern. ~ Liberal 
Education or Liberation of the Individual." After this paper, the panel 
discussions will take place . We have allotted approxirn.ately one hour 
each to the panels. They will be rn.oderated by Brigadier General Jack 
Barclay and Dr. Keene. 
We hope that you will take a very active part in the panel discussions, 
but we request that you confine your questions and rern.arks to the spec-
ific subjects of the panel. As you can understand, we are getting down 
to the end of the conference and would like to corn.e up with specific 
suggestions. That can only be accorn.plished if we rn.ake our questions 
brief and to the point of the subject. 
When I was inforrn.ed that another paper would be presented this 
rn.orning and rn.et Richard Balch, I could not help but be rern.inded of an 
experience I had sorn.e rn.onths ago in New York. I was walking down 
Fifth Avenue and rn.et a friend whorn. I had not seen for rn.any years. He 
inforrn.ed rn.e that he was to speak at the Yale Alurn.ni rn.eeting and asked 
if I would accorn.pany hirn., after which we would have a chance to talk 
over old tirn.es. I accepted. and, after a very fine luncheon, the toast-
rn.aster got to his feet and said, "Gentlern.en, our speaker today is not a 
Yale alumnus, and I think it is only proper that we spend a few rn.inutes 
letting hirn. know about Yale. Now p the Y in Yale is for 'youth, ' and 
we have a very ern.inent doctor here frorn. Yale who can tell about youth 
at Yale . " The gentlern.an arose and for sorn.e rn.inutes spoke on youth at 
Yale. The toastrn.aster arose again and said. "Now we have the athletic 
director of Yale, and A in Yale stands for 'athletics.' He will tell you 
a little about this subject." You gentlern.en rn.ay not believe it, but he 
spent sorn.e 25 rn.inutes telling of Yale's athletic exploits . "The L in 
Yale is for 'loyalty, ' " said the toastrn.aster. "We have one of the deans 
of the school here who for rn.any years served Yale and knows well that 
loyalty is the watchword at Yale . " Whereupon this gentlern.an spoke for 
sorn.e 40 rn.inutes on loyalty at Yale. "Now E in Yale is 'education.' and 
we have a dean who had spent sorn.e 35 years at Yale and is certainly 
qualified to tell about the educational aspects of Yale." After sorn.e 
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40 minutes of this subject he arose and introduced my friend, who got 
to the podium and said, "Gentlemen, I can't tell you how proud I am to 
be here and to speak to this group. I have just one thing to say - I'm 
extremely happy that this invitation to speak came from this very, very 
fine school of Yale, and not my own - the Massachusetts Institute of 
Technology." Well, Dr. Balch is Director of Athletics at the Massachu-
setts Institute of Technology, and I couldn't possibly let that one go by. 
He was Dean of Men at Stanford University and is a native Californian. 
He tells me that he will remain in education and try to implement the 
thesis of his paper. Richard Balch. 
Dr. Balch: The ambition of educators in American universities and 
colleges to clarify curriculum objectives has been and will continue to 
be a problem fraught with great frustration. Ever since the era of the 
fixed curriculum, men such as Eliot of Harvard, Gilman of Johns Hop-
kins, and White of Cornell have struggled with definition and revision 
of curriculum. From this earlier work we have now inherited the 
elective system and the field of concentration concepts. 
From the point of view of a nomadic educational administrator con-
cerned with the inter- and intra-personal interests of men in a medium-
sized university, one is faced with important objectives involving des-
perate effort s to clarify curriculum and its purpose. 
Because of a belief in liberal education, not liberal versus conserva-
tive, but liberal in the sense that a man's mind may become liberated 
or freed from ignorance, it becomes immediately important to define 
the quality of man that allows his liberation. This we have called intel -
ligence. We commence to worry about the definition having given the 
quality of man which allows liberation a name. Some psychologists 
have applied the circular argument that intelligence is what intelligence 
tests measure. For a liberal definition of intelligence preference is 
given here to what is basically Dr . Wechsler's point of view. "Intelli ... 
gence is the aggregate capacities of the individual to act purposefully, 
to think rationally, and to deal effectively with his environment. ,,1 As 
Wechsler points out, such a definition allows for the following: (l) con-
figuration of many abilities and their quality: (2) factors other than 
intelle ct, namely, drive and incentive: (3) the effectiveness of behavior 
as a whole . 
The term "general education" -- and all of the current implications 
of such a label - has little to do with the promotion of the educational 
objectives of liberal education. The question raised has to do with the 
need for bringing depth, not breadth, to the university and college 
liberal education curriculum. The definition of today's concept of 
general education was for many years considered part of liberal 
1. Wechsler, D., The Measurement of Intelligence, Baltimore, 1944 
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education. The discrepancy here is not a matter of "splitting hairs. " 
General education will not train minds, free minds capable of independent 
thought and conclusions. In other words, a mind trained in generalities 
is not a free or liberated mind and the question may well be asked: is 
the superficial training of general education any liberation at all ? 
In a world divided by two opposing ideologies it behooves us to think 
seriously of the total consequences: (1) we must think of the problems 
of individual assessment and of what potential contribution may be made 
by each individual: (2) we must be concerned with the institutions of man 
and the future integrative value they have for our society: (3) last, but 
not least, we should consider the importance of collective security, still 
allowing room for freedom of decision and freedom of action. 
Currently, we are faced with self-imposed, restrictive measures 
which, if carried to extremes, may deprive us of the very freedom we 
defend. We investigate and immediately condemn those who mayor may 
not be seeking affirmation of their belief in our way of life. We allow a 
selective service system to dictate what is or is not pertinent training 
for our national well-being. We effectively allow the "age of science" 
to take over and demote the importance of the study of man's understand-
ing of man. These are some of the problems we face at a time when 
political forces are asking direct questions which have to do with sur-
vival of the "rights of the individual." If education deserves the place 
we have afforded it in the structure of our society, there must be 
constructive steps taken to meet the challenge and demonstrate the 
valid premise of the non-communist world. 
To put in operational terms the general statement of concern, one 
must assume that no society can remain sound which does not give its 
people the ability to communicate and to cooperate with one another. 
Thus, education for common understanding becomes the backbone of a 
thriving society. If such a premise be granted, I suggest the following 
as appropriate means of affording students a liberal education in the 
colleges and universities of the United States: 
1. Organize American universities and colleges on a divisional 
basis such that departmental pressures to major in a given department 
are less severe for the student. The Chicago organization of social 
sciences, biological sciences, physical sciences and the humanities 
appears reasonable from a distance. 
2. Assure the teaching of undergraduate courses by experienced 
and well trained teachers. The success of such a program could be 
determined by the observed or measured degree of intellectual interest 
aroused in the subject matter. 
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3. Devise an acceptable system whereby students as well as 
academic divisional administrators can recognize the teaching as ~ 
II research contributions of individual faculty members for purposes 
of promotion. 
4. Afford participation in seminars to freshmen, sophomores, 
juniors, and seniors. The purpose for such an opportunity would be to 
train students to do conceptual, integrative thinking throughout the four 
years. 
s. Allow the superior or highly motivated student the opportunity for 
independent study under a recognized tutorial system. 
6. Develop a fixed "core" curriculum which will in essence provide 
a common degree of student experience during the first two years of 
college. 
7. Cooperate with the secondary schools in an effort to devise a 
liberal education curriculum consistent with the academic demands made 
of a student upon his entering college. 
8. Plan inter -divisional lectures for all students and by all faculty 
members during the first two years of collegeo 
9. Develop tools for evaluation of liberal educational aims such as 
comprehensive examinations, use of inter- and intra-school standard-
ized achievement tests, follow - up studies of individual alumni with an 
emphasis on their total contribution to society. 
10. Recognize and coordinate extracurricular interests with 
curricular activities as a means of relating practice to theory. 
The proposals for action listed above seem to the writer to be a 
means by which a university or college can be better organized to train 
the future leaders or, more appropriately, the Universal Man. 
To develop such a program there will be need for continual individ-
ual assessment of achievement both before admission to college and 
during the college career o There is no question that the high level of 
common knowledge and experience implied by the preceding proposals is 
beyond the reach of large numbers of students. Many students have 
come to college primarily for vocational training. It therefore behooves 
us to set up a program, at least at first, that allows for transfer credit 
to vocational schools without stigma or loss of prestige o This can best 
be achieved through the organization of a common freshman and sopho-
more course which fulfills vocational and professional school require-
ments and deprives no one of the freedom of later decisions. Such an 
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organization does not prevent introduction to the social, biological, or 
physical sciences and at the same time allows fulfillment of specific 
prerequisites for vocational and professional choice. 
The individual capable of high-level training must be challenged 
by superior teaching during his early years in the university. There 
would be little difficulty through observation. interview, or interest 
tests in proving the validity of the contention that individual intellectual 
curiosity can be greatly stimulated by superior teachers. 
The question must be asked here whether universities and colleges 
will admit evidence of teaching ability as an equal with research. If 
we are unable to demand evaluation of total adaptation of the person to 
teaching, along with professional qualifications, there is little reason 
to select out and individually assess the students. 
There is much too much evidence available in American universit-
ies to substantiate the accusation that the freshman and sophomore 
curricula support the graduate program. The need for "practice 
teaching ll and training of college~level instructors is beyond question. 
It cannot, however, continue to be at the expense of the undergraduate 
in the early and formative years. 
Research interest of the individual faculty members has taken preced-
ence over the recognition of teaching ability in many institutions. This 
is not to be criticized per ~ as research contributions are far more 
readily measured. For the sake of the individual student, the importance 
of devising an adequate system for the objective evaluation of teaching 
and teaching methods CaIL"'lot be overlooked. The effective teacher must 
be given recognition not only for his contributions to a given discipline 
but, in addition, the effect he has in conveying his knowledge to others. 
To facilitate careful assessment of the individual student's potential~ 
ities during the period of undergraduate attendance. there is need for 
intimate face-to~face association. Seminar experiences for underclass-
men are essential if such association is to be made a reality. To achieve 
this goal a freshman class should be assigned in groups of not more 
than twelve to individual faculty members. The specific intent for such 
assignments would be to provide a catalytic agent through which integra-
tion of various concepts might take place. 
As a result of careful evaluation of the individual capacities during 
the early days of his college career. more opportunity could be made 
available to break the academic "lock step. II By recognizing the stu-
dent of superior ability or strong motivation, early conservation of 
individual ability could become a reality and academic frustration much 
less of a problem. A recognized tutorial system offering the opportunity 
6S 
of independent study would answer part of this question. Such a 
system would be impossible if faculty members were not credited for 
teaching load purposes with their tutorial services. 
In an effort to give equal opportunity for individual assessment and, 
more importantly, to give a community of experience to the first two 
years, a "fixed core" curriculum should be developed. Such a curric-
ulum should be consistent with the basic prerequisite needs of vocation-
al and professional schools alike. The essential premise in the 
development and revision of the fixed curriculum should be the general 
liberation of the individual. No curriculum should be devised which 
limits the individual to a specific vocational interest during his first 
tw.o years. This would mean that pre~professional or pre-vocational 
training would not take place until completion of the sophomore year. 
Great effort would, of necessity, have to be exerted to prevent a 
competitive attitude from developing between the vocational, profession-
al; and liberal education students. 
Certainly students interested in becoming technicians should continue 
their work in vocational schools as should the doctor, lawyer, and 
engineer continue in separate schools if they consider specialization 
necessary at the undergraduate level. This should not be construed, 
as it is at present, as a matter of "separating the sheep from the 
goats." More realistically there should be a separation according 
to the potential contribution each individual can rnake to society. One 
of the problerns to be overcome here is parental dogmatism ("my son 
is going to be what I am or should have been") and the unfortunate 
occupational prestige values established by our society. 
Instead of planning secondary school curriculurn for purposes of 
meeting both terminal educati.onal pursuits and college preparation, it 
seems wise to accept the concept that both elementary and secondary 
school training should provide a comrnon interest in the survival of a 
society of free rnen. If such is the case, a cooperative effort should 
be made by both secondary schools and colleges to devise a curriculum 
consistent with the needs of an intelligent voter and compatible with 
the demands made of a student when he enters college. 
The exposure of a college student to a variety of disciplines and 
their inter "'relationship is essential if liberal education is the equal 
of its definition. To make the first two years of college an integrative 
mediurn, both faculty and students must have experience in attempting 
to inter-relate knowledge. Inter - divisional lectures organized in a 
manner sirnilar to the old New England Town Meeting could provide a 
means by which both faculty and students alike could share the cornplex-
ities of relationship among a variety of subjects. Opportunities to 
share in the investigation of knowledge are indeed essential if liberal 
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education is to mean the liberation of the individual. 
Within the complexities of a university or college program one 
finds ill-defined objectives. Because of departmental desires to 
attract students and to show an all inclusive printed page in a catalog. 
the various disciplines have tended to fragment themselves. To turn 
more toward a concept of "whole" rather than "parts." adequate tools 
must be devised for purposes of defining objectives and measuring 
the degree to which they are achieved. (1) The first of such tools 
could be the comprehensive examination. If used as a means by 
which objectives are measured rather than merely a tool to determine 
a grade, comprehensive exatninations could be made an important 
evaluation tool. (2) A second method by which we could measure our 
aims is the inter- and intra-school achievement tests. Instead of 
waiting until graduation to determine the effectiveness of the methods 
of education, i. e., the graduate record examination, efforts would be 
made to measure inter-college effectiveness and intra-school effect-
iveness of the teaching function. If various universities and colleges 
would share the success of their individual efforts rather than compete 
in hiding their failure, there seems little question that the preservation 
and transmission of knowledge would be furthered. The intra- and 
inter-school achievement test could be made the basis by which the 
individual could be assessed and the methods of teaching judged. 
(3) Instead of follow-up studies based on the mere question of "who's 
who," alumni of a given institution should be judged with an emphasis 
on their total contributions to society. So-called comprehensive 
questionnaires or other superficial means of evaluation are totally 
inadequate as a means by which to measure the end product of 
education. 
The degree of emancipation from ignorance and harmonious 
adjustments in society can be measured on a relative scale. 
By such efforts, useful longitudinal data could be compiled for 
purposes of predicting the characteristics, above and 
beyond scholastic aptitude, important in our society. 
We are all aware of the fact that successful students (success 
judged by present day standards of grades) fall within a wide range of 
scholastic aptitudes. We are also aware that, for some students, 
scholastic aptitude may be exceedingly important. The question we 
must eventually answer involves the recognition of characteristics 
and their order of importance for those students at the bottom of the 
scholastic aptitude range who also make good citizens and for whom 
scholastic aptitude is of less importance. A method by which the 
characteristics of individuals are observed, and insofar as possible, 
measured during and after the collegiate experience would be desirable. 
Perhaps an ambitious expansion of Lewis Terman's work could be used 
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as the basic design. w i th the addition of clues taken from the Gl'ant 
Studies at Harvard. Whate~er the specific means may be. a concert-
ed effort must be made to determine the order of importance of the 
various characteristics with whi ch we are concerned in the case of 
each individual. 
During the pas t thirty years extracurricular activities have been 
admitted with varying degrees of tolerance to most university programs. 
In few cases has an effort been made to interrelate the curricular and 
extracurricular interests of students. If education at the college level 
involves the "whole student" o why isn't use of leisure time a fertile 
educational medium? Instead of passively resisting OT. half-heartedly 
apologizing for the lIeight=ring circus" that now exists in the form of 
extracurricular acti viti es» a. positive recognized relationship to the 
educational process could be admi tted or denied. One certainty in the 
present-day picture i EO that either higher educational interests will be-
come obscure in American colleges and universities. or new institu-
tions will arise to serve the useful purpose of developing the universal 
liberated man. The needs are much too obvious for the training of 
leaders to allow the prerequisites of educati on to be usurped by the 
entertainment world. Such a point of view by no means precludes the 
individual from an enjoyable use of lei sure tim.e. 
The individual student today is fa.c e d with particularly difficult 
decisions in his quest for knowl edge . Even if institutions of higher 
education fulfilled the basic criter'ia set forth above, there are problems 
over which we do not have control. The fact that the young adult pop-
ulation is not large enough, due to a l ow birth rate during the 30's. 
places increased demands upon the present l8~ to 26~year age group. 
Partial mobilizati on. our greatly e xpan.ded role in world affairs, the 
need for specialists in producing weapons for defense» and a rapidly 
increasing population all tend to complic at? the question of how to move 
toward the liberation of the individual intellectual resources. Because 
of our immediate problems p it is all too easy to lose si.ght of our goals. 
Public opini on has been taunted by public officials regarding the 
deferment of college students frorn i mmedi ate military ser vice. This 
question unto itself i s valid if fo:r. no other reason than the economic 
factors that tend to pr£"vent attendance in college by a large segment of 
our population. However» when viewed from the standpoint of the 
greatest good for the greatest number. the inequi ty of college defer-
ments does not loom as large . Unless the entire social movement of 
the present day is to be reversf'.d, it must be assumed that the present 
college generation will ca:rTY the burdens of tomorrow's society. The 
question then becomes one of how bes t we can make available a limited 
amount of manpower to meet present-day emergency and tomorrow's 
plans. 
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The immediate tendency is to bury tomorrow's plans and restrict 
the education of the individual to what appears to be the necessary pro -
duction problem of today. Little attention is paid to those who through 
the process of liberal education. may be arriving at the long range 
solution of the present emergency. 
Human ability has been measured and we have extensive proof of its 
variation. Again. we must admit to inequity. but man has yet to gain 
control over the particular arrangement of genes and chromosomes in 
determining absolute inheritance. Since the establishment of test pro ... 
cedures~ and more specifically. the Army General Clas s ification Test. 
we have found that less than 16 percent. or one out of six. score above 
120. Without drawing abrupt conclusions. it would seem fair to say 
that from 5 to 10 percent of our total population graduates in the upper 
half of its college graduating class. If such is true . it is from this 
small segment of our population that we must draw the adult leaders 
and intellectual giants of the future. So long as we preserve social 
mobility. it does not seem necessary to concern ourselves over a future 
problem of an intellectual oligarchy. 
It is the conviction of the speaker that p unless means are developed 
to provide for individual opportunity. higher education cannot meet the 
challenge of the present day. The chance development of curriculum 
must change to planned structuring to meet the needs of those individ~ 
uals capable of world leadership . Teaching methods, testing appraisal. 
and the total organization of a univers i ty and its faculty must. in the 
immediate future. be aimed toward a common goal. The goal must be 
the assessment and development of maximum individual ability. When 
such an organization exists, we will be meeting the challenge and will 
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General Barclay: Gentlem.en. we hope that this session will be 
the initial phase of a brainstorm. session on brainpower. The topic 
assigned to our panel was the "what and why" of the shortage of 
scientific personnel. Those of us here would. I am. sure. deny 
that they can be classed as either experts in this area or as consult-
ants. 
We would like this m.orning to throw out a few questions to the 
m.em.bers of the panel and let them. express their thoughts on the 
problem. which we have been discussing and which has been expostu-
lated to us for the last day. We hope to keep this inform.al. get 
reactions from. the floor. and perm.it all participants of the conference 
to m.ake their com.m.ents within the hour that has been allotted to us. 
When I first cam.e into the service. I served with the Artillery in 
the days of the late depression when our soldiers were paid $18.75 a 
m.onth. We didn't have very m.any of them.. and we used to have the 
problem. of doing our necessary work and m.aintenance with our few 
personnel. In the regim.ent I was in. we had an adjutant who had a 
daily practice of going in to the com.m.anding officer to com.plain about 
the difficulty of getting sufficient fatigue details from. the batteries and 
still allowing enough m.en to conduct any sort of training" This daily 
com.plaint had gone on for quite som.e tim.e. One m.orning when the 
old man's ulcers were bothering him. a little bit, he said, "Well, 
dam.m.it, if you'd told m.e 20 years ago, I could have done som.ething 
about it. but it's too late now~ so shut up." That, I think, is the 
problem. that we're discussing: we're talking about a shortage of 
scientific m.anpower, we're talking about an item. which has a lead 
t im.e of som.e 20 years. So that, in correcting this situation, we're 
looking at two possibilities : a long lead item. or the possibility of 
salvaging som.e of the used m.odels and scraping up som.e of those that 
have been m.ade in the past but not used. We're also dealing with peo~ 
pIe whom. we expect to be trained in the physical sciences and in the 
e xact sciences. But in dealing with people, we're dealing with som.e-
thing that doesn't respond to the exact sciences. You m.ay think of m.any 
solutions for m.eeting our problem.s of shortages of m.anpower. Perhaps 
we can attract m.anpower to our job. But certainly we in the service 
have found out coc> and I believe you in industry have had a sim.ilar ex-
perience ~ that you cannot arbitrarily pick up your job with the people 
and m.ove it to a location. It has been tried. Those in the m.ilitary 
service go on orders, but civilian personnel ~ the technical personnel -
do not have the econom.ic pressure to require them. to go, and our efforts 
in that direction have been unsuccessful. The efforts which have been 
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made by industry and with which I'm familiar have likewise been unsuc-
cessful. 
Our task at the Army Ballistic Missile Agency was assigned the 
first of this year. and we were given the mission of developing the in-
termediate range ballistic missile, a l500-mile ballistic missile. The 
assignment of that task to Redstone Arsenal was made primarily for one 
reason. and that was the existence, in being, of a trained development 
group at Redstone under Dr. Wernher von Braun, an experienced group 
with qualified personnel that existed as an organization at Redstone 
Arsenal, Huntsville, Alabama. There were other places where this 
task might have been assigned, but at thos e other places there was not 
in being a development group of sufficient size to even establish a work~ 
ing cadre for such a missile development. Even with the head start 
which we had at the Ballistic Missile Agency in having this existing gro up 
under Dr. von Braun, we are having the problem of expanding that group. 
and that is a problem that I'm sure is c ommon to all of us. 
You in industry and we in the Government are competing for the sam.e 
kind of personnel - technical personnel - and we are putting that per -
sonnel into a seller's market. I don ' t know that that's bad; you have 
your own ideas on it. 
But to kick this off this morning. I think we might try to define the 
problem and why it exists ...... that's the problem of our panel. The next 
panel will discuss what we should do about it. 
To jump off this morning. I think it might be well to put the problem 
in the proper framework and ask what we mean by scientific manpowe r . 
We have been discus sing it here for the last day and part of this mornin g. 
To my knowledge, no one has defined what we are including when we s a y 
s cientific manpower . Dr . Arnold, would you like to respond to that? 
Dr. Arnold: Well . I haven't given it any particular thought. I guess 
we all have our own concept, but we must include the scientist and the 
engineer and. from the way we were talking last night. I think we should 
begin to include the technician. In other words , to me scientific man~ 
power means all the people we need with the various skills in the areas 
of science and engineering. Do we want a broad definition whe n we talk 
about scientific manpower? I think we do. 
G..s,neral Barclay: Do you feel that we incorporate the exact scie nces, 
the engineers . the technicians? Or. do we limit ourselves to the exact 
sciences? Do we include the biological and social areas, the humanit -
ies? Are we discussing a lack of people trained in a specific area, or a 
lack of general educational level of people? 
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Dr. Arnold: I'd say we :must include all of the:m. 
General Barclay: If we include all of the:m, Dean Davis, do you feel 
that it's a :matter of a shortage of people or is it a :matter of distribution 
of the existing people? Our country today has a greater population than 
ever. We have :more engineers. 
Dean Davis: Well, I know nothing of the dis tribution of the trained 
personnel in question. Fro:m listening to the talks yesterday, I judge 
that in certain cases there :may be a proble:m relating to its :most efficient 
use. In so far as the general proble:m of supply is concerned, I think 
there are two basic points. The first is that it is very doubtful that the 
ratio of students capable of develop:ment in the direction of science has 
decreased over the years, as related to the total student population. 
Indeed there is considerable evidence that this ratio has increased and 
continues to do so. In this connection, a reasonable ass u:mption could 
be :made, one not contrary to biological fact, that the ratio of this poten-
tial for scientific develop:ment of youth does not differ :materially as 
between the United States and Russia. The answer to the proble:m of 
adequate supply, in:my opinion, relates to the way the existing potential 
is developed and our efforts to this end. This is a proble:m the solution 
of which will require the joint action of the supplier of trained personnel 
(that is, the educational institution) and the user of it (that is, industry, 
govern:mental units, and the like). 
The second point is that, while there has been an increase in the nu:m-
ber of scientists and engineers trained over the years in keeping with 
the increase in student population, the need for those trained in these 
categories has greatly increased. This has been due to the al:most ex-
plosive force with which the newer scientific develop:ments have co:me 
upon us and industry's increased dependence upon the:m. The shortage 
thus relates to the sudden adjust:ments forced upon industry and the nat-
ural lags in adjust:ment of educational and training progra:ms in :meE::ting 
de:mands not only for increased nu:mbers but for increased quality as well. 
General Barclay: Do you feel that we have the capacity existent within 
our present educational institutions to train a larger nu:mber of scientific 
personnel? 
Dean Davis: I think so. I belie ve that, i n so far as educational insti-
tutions are concerned and providing necessary costs can be :met, there 
exists a good possibility of increasing the total nu:mber of students trained 
in these fields. Naturally, in addition to :meeting increased costs, this 
will require that the supply of properly prepared students fro:m the second-
ary schools be increased. Even with this last li:mitation, which is a :most 
i:mportant consideration, an accelerated interest in science can undoubt-
edly be developed in students after college entrance. I would e:mphasize 
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that it's not so much a question of the capacity of the higher institution 
to train a greater number as it is for the institution to find properly 
prepared students who possess an interest in science and who want to 
go ahead with it. This goes back primarily to faulty basic programs at 
the elementary and secondary school levels. This absence of sound 
basic training prior to entering an advanced program is, for me at least, 
a favorite subject for criticism, but I shall not discuss it further now. 
General Barclay: Mr. Decker, I think that we have all concluded that 
there is a shortage of scientific personnel; yet no one in this conference, 
to my knowledge, has said what has led us to that conclusion. We say 
that there is a shortage of engineers. What do we mean by the shortage, 
and why have we reached that conclusion, aside from reading the news-
paper ads? 
Mr, Decker: I'd say that we've probably reached the conclusion that 
there is a shortage because we have so many gatherings of this kind 
throughout the country, where people have stated we haven't enough 
engineers to accomplish today's tasks. Whether there is a shortage of 
one engineer or 101,000, I haven't any idea. You can get almost any 
kind of estimate that you want. It seems to boil down to the fact that 
somewhere between twenty thousand and forty thousand engineers could 
be put to work today. But, if we had that number of engineers, I don't 
know whether employers would hire them. We're confronted with an 
immediate and long-range problem, and the situation today is that we 
need some scientific and engineering manpower. 
There is .a question whicruot:curs to -me as I attend meetings of this kind, 
and it's a two-pronged question: as employers of engineers, I wonder 
whether you're genuinely interested in resolving this shortage problem, 
or whether you seek to correct the situation only on your own terms. 
This is particularly important because we hear so much about rigid or 
established salary structures, so much about rigid or sharply defined 
promotional channels and avenues, and so much about certain specific 
and precise types of assignment. What about the employee? The individ-
ual engineer may have little chance to express choice in these matters. 
I wonder whether you put yourself on the other side of the fence with this 
individual whom you would like to hire and who probably would like to 
work for you. He would like to have something to say about the terms and 
conditions under which he is going to work. Take a look at it. It's very 
important that these channels of communication be kept clear. It's partic-
ularly reflected in the fact that, through surveys in the last few years, 
we've had indications that while the engineer and scientist-don't completely 
agree with ideas of unionization, they don't disagree as violently as they 
did ten or fifteen years ago. Which means that it's your responsibility, 
as the employer, to see that channels of communication are cleared and 
that they are so treated that they don't feel it necessary to organize and 
76 
go through a union activity in order to find a way of approaching the 
employer. The magnitude of the shortage is tied in with turnover, dis-
satisfaction and many other things . People ask, "How many engineers 
do we have?" The National Science Foundation has not yet answered 
that question, nor do we know how fast they change jobs, which may 
contribute greatly to what we call "shortage". It seems peculiar, in 
our economy, that you can turn to a monthly report of the Bureau of 
Labor Statistics and you can find out how many people are working in 
foundries, or you can find out how many people are working in drug 
stores or punching typewriters, but nowhere in all of that information 
can you find the precise number of engineers or scientists. You can 
look in that report and it will t e ll you how many machinists change their 
jobs (turnover) during the course of a month and the annual turnover of 
this, that, and other occupations. But nowhere do you find the turnover 
of engineers. It is a deep, dark secret, something not to be mentioned. 
What is done with engineers in the D i ctionary of Occupati onal Titles 
and in the employment services? They are lumped up in a classification 
which has to do with technicians, lawyers, managers, engineers, scien-
tists. What is a manager? H e m i ght manage a drug store, a shoe shop, 
or a large enterprise. There is no separation of engineers: still we 
talk about this important problem without adequate or valid statistical 
data. The problem is that we have a shortage, perhaps because we 
don't use what we have effectively. We are accomplishing much in our 
general economy today without the aid of all the engineers we need: 
perhaps we will learn how to get along with fewer engineers and scien-
tists; perhaps we won't need any. But there should be more pointed 
questions about engineering shortage and recruiting malpractice. I'd 
like to interject some thinking about how you might immediately correct 
some abuses, some way of getting off the expensive merry-go-round of 
hire, quit, fire, hire. You can't make engineers but there might be 
some way of g"etting more from the number we have. or hanging on to 
what we have. 
General Barclav : Do you have a ready d,efinition of what an engineer 
is, or means of defining the sub~professional level of work and engineer-
ing work, other than the fact that a man either has or has not a degree? 
Mr . Decker: No, a professional or sub-professional dividing point 
varies within company operations and from company to company. The 
Engineers Joint Council, the National Science Foundation and other 
organizations" have concluded that the various tasks performed by engi-
neers and scientists or their assistants have not been clearly defined. 
Once again I'll refer you to the Dictionary of Occupational Titles. It 
just doesn't go far enough. It defines engineering occupations in a broad 
way. But, in any classification of scientific and engineering personnel, 
you'll encounter something like this: You'll have a designator for the 
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occupation: you'll have another designator for the type of industry. 
Now, if you add all the things an engineer does and the industries in 
which he does them, you'll find at least a hundred occupational designa-
tors and a hundred industrial designators, and 100 times 100 is 10, 000 
classifications, and that doesn't presume to cover everything done by 
engineers and their assistants. So we don't have precise definitions. 
The Dictionary of Occupational Titles defines a civil engineer, a 
draftsman or mechanical engineer. But it doesn't go much further 
than a general definition, although more work should be done to define 
these occupations and to establish bench marks regarding the duties of 
the professional and his sub-professional associate. 
General Barclay: I personally agree with you. Yesterday Captain 
Mandelkorn pointed out that one of the means of increasing our pool of 
technical manpower was to limit their activities to those jobs which are 
engineering and scientific in nature and to support them by the necess-
ary sub-professional and administrative personnel. From my own 
experience, I know of no way to define what is an engineering job and 
what is a sub-professional job. Would you like to contribute to that, 
Captain Mandelkorn? 
Captain Mandelkorn: I feel that, in most of our laboratories, things 
are being done today by people, educated people, which could be put on 
computers. This requires man-hours of what otherwise might be 
creative or generating time. I'm not so sure I agree completely that 
you can1t distinguish between high-level thinking and lower-level. 
General Barclay: Would a fair analogy be to compare this with a 
machinist and a machine operator? 
Captain Mandelkorn: Yes, I think that isn't bad - if no one resents it. 
Qeneral Barclay: In our society we're accustomed to operating 
under the law of supply and demand and expecting material and social 
things to respond to the law of supply and demand. We're in an area of 
shortage, an area where engineering and scientific personnel command 
higher wages. Do you feel the law of supply and demand, Mr. Hicks, 
will correct this sftuation as it has other aspects of our society and our 
industrial world? 
Mr. Hicks: Yes. First, let me say I'd like to take the middle road 
a little bit. I'm not quite convinced that the engineering and technical 
manpower shortage is as acute as some people say that it is. We 
recognize that there are certain areas where we are in trouble. I'd 
like to say that we're finding our greatest difficulty in achieving the 
right kind of success in staffing for our program in the scientific fields. 
We have in our group for example an area called Analytical Design. It 
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is very difficult for us to find people for this particular area because 
the area not only requires a high degree of academic achievement but 
a considerable amount of work experience as well. We feel that prob-
ably by 1970 - we hope before - we'll be out of the woods. We just 
hope that technological progress will be able to keep pace with some of 
the good people that will have been developed in the meantime. There's 
one handicap now - I've been told by well-informed individuals - and 
that is that our schools of higher learning are practically unable to 
take on more students. We had the GI bulge (high enrollment) years, 
and, because the GI students were mature individuals, they were per~ 
fectly willing to abide by the improvised facilities and crowded class ~ 
rooms. Most of our educators today tell us that they can't go through 
this again. They've had it once, and the situation has changed enough 
so that they just couldn't cope with it again. In spite of this, however, 
more facilities are being put into use every day. We in our group are 
doing our part by helping our young engineering graduates achieve ad~ 
vanced degrees. We have our own Chrysler Institute of Engineering, 
and, at Missile Operations, we are working out academic programs in 
cooperation with Wayne State University. Probably the most forward 
step that we have been able to take in solving the manpower problem is 
a better defining of our jobs. We find that good job definitions mean 
reaching right back into the organizational structure. This also means 
taking a good look at systems and procedures . In a given job we are 
able to determine which categories and quantities of scientists or engi~ 
neer i ng personnel are required. To do this means that if you take a 
close look at your job - analysis program in general, you should be able, 
in many areas, to assign people with lesser academic qualifications. 
This is, of course, something that Captain Mandelkorn said previously. 
General Barclav: I know Admiral Singleton had some ideas on 
effective utilization of existing resources. 
Admiral Singleton: W e ll , I'd like to pick up where Mr . Hicks and 
Captain Mandelkorn left off, I think. I saw Mr. Hicks draw back a 
little bit because he knew I was interested in the problem that he men~ 
tioned. I agree with Mr. Hicks that, although we have a problem, I 
don't think that the problem is as acute as we generally deem it. I 
think there are corrective measures for the immediate situation. Al -
though I know that a lO-year educational program is the long-range 
solution, that will have to be taken up separately, and I would like to 
direct my discussion to the alleviation of the immediate problem, that 
is, gaining more capacity from the present supply. 
It's been my observation that we are misusing engineering and 
scientific personnel. I base this on observations such as that of a 
small company, which I think representative of a lot of small companies, 
wherein an idea was conceived by a small group of scientific personnel. 
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They were not engineering people; they were scientists dealing with a 
basic and creative idea. Having done their initial work, they found 
themselves a managing supporter who, by the way, was not what you 
would call a typical engineering management supporter, he was what I 
would call a promoter. They developed their idea, and then when it got 
into the application stage, the five scientific personnel were still right 
along with the problem. They had hired a few engineers to aid in devel-
opment, but, when they got to production, these five scientists were 
still there in the middle of the problem. The scientists had not been 
replaced by engineering personnel who would have been far better in 
the development game. For instance, I saw much effort on the part of 
the engineering personnel to develop the equipment for practical use 
negated by the scientists who had conceived the idea who were still 
looking for exact rather than applied solutions. Through poor manage-
ment, having failed to give timely redirection to creative talent, the 
final production stage found the scientific group unoccupied, the compa-
ny work - load disorganized, and ultimately resulted in the release of the 
scientific group. There was a loss of manpower time as these people 
went out to look for new places in which to put their energies. Now, 
therefore, I believe that if you multiply that kind of condition by all the 
small industries in the country, you would find at least a 20 to a 25 
percent loss in the capacity of our present engineering and scientific 
supply. Now I know that it is hard to change, and I know that all of the 
people in industry are faced with the problem, but the fact remains that 
they carry their scientific personnel beyond the stage they need to. 
The second area in which I feel there i s a great loss is that discussed 
briefly by Captain Mandelkorn. Even in the institution you are now 
visiting there are people who are able to direct a great deal of creative 
work but who, due to the lack of technicians or the failure to recognize 
where technicians could take over, are having to do "hammer~and-tong" 
work which is totally unnecessary. For instance, I know of three 
research problems that have been put up to the members of the faculty 
of this institution ~ three projects that one man could easily direct 
provided he was furnished proper technical assistance o But, for some 
reason, either governmental job structure or the failure to recognize 
inherent capacity, lack of technicians prevents these projects from 
going forward at their proper rate. Now, I believe, if we could rectify 
these two areas of misuse, what we now term an "acute shortage" would 
be recognized as "poor management"o Of course I know that a lot of 
this goes back also to what Dr. von Braun said yesterday, namely, that 
we have resorted to the creation of research teams, and, when they 
have finished one project we do not immediately apply these people to a 
new problem through lack of organization. This is, I think, far more 
prevalent in industry than it is in government laboratories. Of course, 
this is due to the uncertainty of orders and contracts and is partially 
due to government fis cal and contractual policy. I think that problem is 
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a whole lot tougher than the problem which industry might attack itself, 
that of using technicians where they can best be used, using engineers 
in the development of their products, and not continuing their scientific 
personnel into actual development and production. 
I don't want to overdo the "Cat" idea that was originally started by 
the Moderator, but the p'roblem reminds me of the story about the two 
cockroaches that were in the halls of the Pentagon and were jumped 
upon by a cat. The two smart young cockroaches said, "Oh now, wait 
a minute, don't do anything to us, we have a better solution. We'll 
tell you where you can get some good food. Just go down to the ninth 
wing of the Pentagon, slip past the guard at the security desk, and go 
down to the room at the end of the corridor. Stop at the desk just 
inside the door and look in the second desk drawer from the top on the 
left-hand side. You'll find the best cat food you ever ate." The cat 
said, "Well, fine, I'll take your proposition." So he let the cockroaches 
go, and he went down to get his food. The next night he encountered 
the same two cockroaches and said, "Wait a minute. I went down there 
just as you told me, and I'm not going to take any more of this kind of 
talk from you two. When I got there I found the door was locked." And 
the cockroaches said, "Now, wait a minute here. We tell you ~ to do, 
not how to do it - we're Joint Chiefs of Staff cockroaches." 
Personally, I find that it's very hard to refrain from the temptation 
of dealing with the solution as well as the problem - the division is hard. 
But, in conclusion, I would estimate that there is a possibility of a 20 to 
25 percent "brainpower" saving through the use of the proper people for 
jobs. 
General Barclay: Is it fair to say that you feel that much of our man-
power shortage, or a part of our difficulty, lies with our management of 
research and development personnel? 
Admiral Singleton: That's correct, and the problem raised by poor 
management is one that can be corrected by many of those here assem-
bled. Its solution is not something that we need go far afield to find. 
General Barclay: Dr. Stuhlinger last night took us on a trip to Mars. 
We all seem to have returned, at least most of us. Dr. Stuhlinger, I 
happen to know from personal experience, is one faced with this problem 
of working on the initial or the research aspect of some rather difficult 
and complex problems, and then passing the results on to the develop-
ment engineer and the production engineer. How and when do you pull 
a research and development man away from the problem and turn it over 
to the production engineer, who is better qualified by training and exper-
ience to carryon that aspect of it? 
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Dr. Stuhlinger: The question of when the problem should be phased 
from the scientist to the engineer is a very difficult one to answer, and 
I think it cannot be answered with one formula. It depends to a large 
amount on the individual characters involved. In my own experience 
there are cases where the development engineer is, first, talented 
enough to understand the language of the scientist and, second, is 
willing to accept the idea which another person has developed. In that 
case the situation is ideal. The engineer can take over at an early 
stage, and he is not so ambitious that he wants to do his own inventing. 
He just takes over and goes on with the idea that has been presented to 
him by the scientist. This ideal situation is not very frequently met. 
In many cases the engineer is, first of all. reluctant to accept what the 
scientist tells him. And secondly. after he has taken over, he starts 
his own inventive activity. 
I think the important point is the following: The scientist should 
try to work closely with the engineer as long as possible. The scien-
tist has to find out himself how closely he has to work with the engineer, 
when he has to step back, and when he has to go forward again. It is, 
at least to some extent, the problem and the task of the management to 
see to it that the scientist maintains enough prestige and enough say-so 
to influence the engineer to follow him and to do what he proposes. 
These are two extremese the ideal situation where the development 
engineer takes over shortly after a new idea has been born, and the 
second situation where the scientist has to stay with the development 
down to the end. In many cases, I think. we are in between these two 
extremes. In any case, though, I think that the management has a real 
task and job to perform to see to it that the scientist and the engineer 
work closely together and find the right moment to part from each 
other and to get together, again. 
General Barclay: Then you do agree, though, that it is for manage-
ment to decide when that time is reached. Would you also agree, how-
ever, that there is a tendency on the part of the average engineer to go 
into his own inventive stage and that there is a tendency on the part of 
the scientist to try to hang on longer than he should? What Pm trying 
to get at is that there is not only this tendency on the part of the scien-
tist and the engineer, but also the tendency on the part of management 
to ignore the fact that there is duplicati on. 
Dr. Stuhlinger: It is very definitely the task of management to look 
into the proceedings at all tirn.e s and to decide when the scientist should 
become rn.ore active and when the engine er should becorn.e more active, 
and in what forrn. the overlapping of the two activities should take place. 
In ideal cases, managern.ent rn.ay stand back and let them go because the 
situation is ideal and they thern.selves know in what forrn. to cooperate, 
but this happens only in few cases. 
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General Barclay: Certainly it's a problem for management that 
takes a great deal of judgment, analysis, and timing. I think we might 
compare this procedure of going from development to production or 
from research to production with a relay race. You have to have a 
period of time when your production man must run alongside your dev-
elopment man, just as in a relay race the first man does not pass the 
baton to the second man at the starting line, but, rather, the second 
man backs down the track a ways and they run along together until 
they're at the same speed and then the second man takes over the baton. 
And I think, from my own experience. much the same thing has to take 
place in the development of any end item. 
We mentioned yesterday the problem of continuing groups in active 
development projects within industry, groups whose specific assignment 
in government research, where our government research projects phase 
out for one reason or another. Mr . Stockford, I'm sure you and the 
aircraft industry have given a g-reat deal of thought to that problem. 
Would you like to comment on it 'l 
Mr . Stoc kford: Industry certainly is in the position of having to 
develop tlie contracts that have been awarded, and the contracts to be 
awarded are certainly dependent upon the decisions that are made by 
the customer. I refer here to the various branches of the armed 
services. Tying this in to the manpower problem, we must have the 
kind of personnel that permits us to carryon the type of project that 
has been developed. There are instances, however. where contracts 
will be awarded for the development of ideas. But I think you're restrict-
ing discussion now to the ideas that have already been developed and 
then passed on to industry. Is that not correct? Let's restrict our~ 
selves to that because of the time factor. 
Indus try ne eds. then, a type of talent. a type of skill, similar to 
those which originally worked on the project in order to comprehend 
the project and pass it on. I would like to add parenthetically that we 
made quite a few studies of a psychological nature when we experienced 
a similar problem in our own corporation during its rapid period of 
growth in World War 110 We found a tendency on the part of certain 
engineers (and. by certain engineers. I mean an infinitely large number 
of engineers). well <> skilled and well~versed in their field .. to do the 
necessary research and development work» prepare the necessary draw-
ings. the necessary formulae. the necessary instructions. do it up in a 
neat package. and turn it over to the manufacturing branch and say. 
"Gentlemen. let the facts speak for themselves. II 
One may encounter this problem from time to time. but not as often 
as we did in our own internal organization some years ago. We are 
becoming a little more sophisticated. This is attested to by the fact 
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that we have an increased number of engineers in the manufacturing 
branch - men with the same training, the same skills as those who 
have done the design work - to pass over the idea from design to 
production, which again is analogous to the situation we are posing. 
Now, to meet this problem we have found that probably one of the prin-
cipal sources of difficulty has been the rapid technological change. The 
technological advance, increasing the complexity of the product that we 
deal with, has compounded the problem. This has necessitated the re-
training of a large number of people heretofore considered well-educated; 
these people must have additional training in order to carryon the work 
along the lines that have been developed up to the time that the contract 
or the project has been passed over to a private enterprise. 
I'd like to give you a couple of statistics on what this meant to the 
air frame industry in 1955. We have had to extend our training oper-
ations very extensively to make sure that our existing force could 
handle the work that was given to us. In the air frame industry alone, 
and here I'm talking about the principal manufacturers of air frame 
engines and parts more than 200, 000 employees in the principal compan-
ies were taken off their jobs and put into paid-time training courses that 
had been organized on a formal basis. This was at a cost of a little 
better than 13 million dollars, not counting the cost of facilities, new 
equipment for our training laboratories, and instruction. 
On top of the 200, 000 people that had to be released to attend some 
1, 500 courses that the companies themselves offered, we had to extend 
our tuition-refund plans wherein a local school offers advanced training 
that is useful to the individual and without which the individual will not 
effectively perform his job. The aircraft industry spent some 450 
thousand dollars for the tuition of over 13, 000 people that were released 
on a part-time basis to attend local universities. 
A third activity that we have had to extend markedly was the company-
sponsored, after -hours training program wherin we set up courses of 
advanced study not offered by universities today but which are required 
as a res ult of the technological advance going on in the centers that 
have been mentioned today (the Redstone Arsenal, etc.). The air frame 
industry during 1955 sent more than 17,600 people to school after hours, 
paying all expenses of such training, to teach them the advanced subjects 
that they need in order to perform more effectively in these newer areas. 
As a result of this work, then, approximately nine and a half percent 
of the total payroll of technical industries is now made up of profession-
ally trained engineers and scientists as against two percent two decades 
ago. If the trend continues, there is evidence to support the belief that 
by 1970 one in five employees will be professionally trained engineers 





Now, it isn't just in the physical sciences wherein we have noticed 
such a change. We have had to increase the number of sociologists that 
we employ, the number of psychologists that we employ. You might ask 
the question, "What in heaven's name would an industrial plant ever ern-
ploy a psychologist for, outside of possibly handling certain restricted 
problems in indus trial relations or employee relations?" There's a 
large amount of human-factor studies that you've brought on us, General 
Barclay, through operations research. Take the problem of having to 
design a craft as a result of your research and your recommendations 
wherein people will stay afloat for a week, or perhaps, as Dr. Stuhling-
er mentioned, a crew will live harmoniously together for a period of 
three and a half years. What of the problems of living in close prox-
imity to one another? What of the stresses and strains? What of the 
problems of the physical and emotional demands of an individual as a 
result of prolonged activity in close confine:ment? Certain aspects of 
that sort are best studied by people in areas other than engineering or 
the physical sciences. We need an increased number of M. D. IS. 
So I would say that the problem of the translation of an idea from a 
center wherein a good deal of pure or basic research is carried on to a 
production plant or corporation such as ours involves a continuity of the 
basic work, an expansion of the skills to be used, advanced training of 
people, and the extension of the concepts of training down to the lower 
ranks of an industrial enterprise. 
General Barclay: I don't want to raise a question that would result 
in another se:minar, but would you care to co:m:ment on the Department 
of Defense policy relative to doing its research and development work 
in industry as opposed to doing it within Government institutions, just 
fro:m the aspect of its i:mpact on our requirements for scientific :man-
power? 
Mr. Stockford: I'll give you a few statistics, and then you can answer 
the question yourself, sir. I would not like to be in a position to pon-
tificate on that particular problem of policy. Howr;: ver, since 88 percent 
of the engineers are employed by private industry, 10 percent in govern~ 
mental agencies, and 2 percent in educational institutions, it :might 
appear that, if the availability of personnel to do the work is in any 
way a factor that will determine what the policy will be, the answer 
might be that the Department of Defense would be in a better position 
to carryon :much of its work if it farmed out basic contracts for dev-
elopment to private industry where people are presently located • 
If we look at scientists as opposed to engineers - and, by scien-
tists, I will now include all of the aspects of physics and chemistry, 
and the social, :medical, or biological sciences that are involved as 
collateral activities - 58 percent of these people are employed in 
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private industry, 17 percent in government, and 25 percent in educa-
tional institutions (as of the fall of 1955) and, again, it would mean 
that private industry has the substantial number of scientists as well. 
So again, if we're going to look at some of the past practices and 
award contracts on the basis of the availability of manpower, private 
industry does have a substantial amount of the manpower in the nation 
and hence would be in a better position to provide the talent. We also 
have the educational facilities to train additional people, which the 
universities don't have (if you will take a look at some of the bulletins 
of courses that we have and consider the fact that our company alone 
has an educational or instructional staff of some 75 course instructors, 
with adequate facilities to carryon courses which can be expanded or 
contracted according to the need). We are in a position to add addit-
ional training at a moment's notice without the red tape that the estab-
lished training institutions would have to go through. 
General Barclay: Mr. McCrensky, I know that this is a problem 
that you have given a great deal of thought to. 
Mr. McCrensky: I think there's another statistic that is quite 
significant, and that is that 75 percent of all the engineers in this 
country are in government work. In other words, the basic financial 
support for 75 percent of the engineers of the country comes from the 
Government, so that it becomes a policy decision as to whether the 
Government should pay for these people directly or •••••• I think that 
perhaps this could be the subject of another seminar. 
General Barclay: Within the Army we have two divisions in our 
research and development work: what we refer to as "in-house", 
that which we do within our own Government installations; and the 
"out-house" work which we do on contract. Colonel Kraus, would you 
like to comment on the problem of division of our work. 
Colonel Kraus: No, I haven't much to say on that. I was sur-
prised yesterday, though, about the comment that, when an industrial 
research laboratory finishes a job for the Government, it is sort of 
out of business. The Government - I'm sure it's true in its la'bora-
tories as well as in every other . activity - is on a budget that works. 
The budget, which is the result of several years of work, is absolutely 
inflexible. There can be no abrupt change in missions, especially when 
you get down to the end of the line. On the other hand, I should think 
that industry, being a money-making organization, would have a lot of 
projects on tap which could be started when it runs out of Government 
contracts. There ,is alwa.ys a need for a better can-opener or a. better 
this -and-that. It's. just an observation. I'm firmly convinced t hat the 
Government is very, very inflexible, and I always thought that business 




I would like to com.m.ent a bit about this present shortage. As a 
laym.an, I tried to learn how big this shortage is. I heard no figures 
yesterday but decided that perhaps by looking into the principle of 
supply and dem.and, we could see by the salaries how alarm.ing the 
shortage is. I find that Civil Service pays $4,800 for a young engin-
eer. A professor from. the University of Maine in last night's paper 
said his young engineers averaged $5, 100 . I don't think those salaries 
are very large. I have to pay a barber, an average, 40-hour-a-week 
barber at the Officers' Club, $5. 100. There's quite a com.parison, 
I think. The bookkeeper at the Club gets $6, 000, a lot m.ore than 
s om.e of m.y instructors . 
One com.pany advertises that progres s is our m.ost im.portant pro-
duct, and every tim.e they m.ake a little bit of progress, I can assure 
you the Arm.y's technological problem.s go up as does our need for 
m.ore trained technicians and e ngineers. It will becom.e greater and 
grea ter, I f eel, until the scienti sts and engineers design these super 
electronic m.achines well enough to replace the scienti.sts and engineers. 
But. s..er,i ously, I think our problem. now is to work for the future, and 
I think it can be done by proper personnel m.anagem.ent and by raising 
professional prestige~ I d.on't know if this would be palatable to som.e 
of you, but I listened to a lecture by Joseph Am.ann. He's president 
of the Engineers and Scientists of Am.erica. an engineer's union. He 
adm.itted that the union was n't very popular ~ engineers don't like 
unions any m.ore than m.anagem.ent likes them. -- but he said that part 
of this present shortage was an artifi cial shortage created by industry. 
He felt that i ndustry was going around corralling hundreds of engineers 
(young graduates) so that they could select the ones they wanted and, at 
the end of the year, keep ten percent and pass the others on. I don It 
know how true that is. but General Gavin m.entioned a sim.ilar point 
in a talk on personnel m.anagem.ent to a Civil Service conference in 
Washington. Another point that Mr o Am.ann m.entioned was the fact 
that, although the starting salaries today were satisfactory, after 
twelve years or so, the average engineer only receives som.ething 
like 1. 7 tim.es his starting salary. Now p in order to really progress, 
the average engineer has to get into adm.inistration or m.anagem.ent, 
and that is where the prestige of the engineering profess i on suffers. 
I think that, when this prestige is ralsed, there will be m.ore dem.and 
for engineering and scientific courses in college~ unless som.ething is 
done now, I think we will be in an alarm.ing situation • 
At present I don't think our colleges are large enough, and capable 
of taking this greatly increased load. I have p. child who is sending 
for school catalogs (she m.ust have ten or fifteen catalogs) because next 
year is her first year of college. All of the colleges have very high 
requirem.ents, ostensibly to keep down their enrollm.ent. I think that 
the facilities of the universiti.es m.ust also be increased. 
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With regard to engineers becoming administrators and managers, I 
would like to point out that I have much the same problem in my facul-
ty. The faculty is under Civil Service rules, and I often have the sad 
choice of rewarding a good instructor by turning him into a poor sup-
ervisor or rewarding a poor teacher because he has some leadership 
qualities that were not evident in his teaching but in his administration. 
Such acti ons are detrimental to the prestige of the teachers. I think 
we've got to overcome this practice which is prevalent throughout 
industry and Civil Service. If we can accomplish this, I think our 
problem will be solved in the future. 
General Barclay: Mr. Brown is raising the gavel and scowling 
at me, which means that the period for this panel is over. 
Mr. Cohn: I don't think that it matters much whether we're 
talking about scientists, engineers. technicians: the shortage exists 
in all of these fields. We're just as short of production engineers as 
we are of people that can do creative, scientific thinking. Dean Davis 
mentioned that he finds that the shortage is due to the fact that the 
secondary schools are not supplying the colleges with people in the 
scientific fields: I think there is a very good reason for it, because 
today. except for a few idea lis ts. a few who get pushed into scientific 
fields by their parents. a category that you might classify as semi-
morons, the scientific and engineering fields are very unattractive to 
our young people. They measure the attractiveness of these professions 
in terms of things with which they are familiar. and the child whose 
parent is an engineer compares his standard of living with that of a 
neighbor who is in business for himself. The engineer drives a Ford 
or a beaten down jalopy so that he can get to and from work. and his 
neighbor has a Cadillac and a Thunderbird. These are very obvious 
and easily understood scales of measurement to young people. Now 
you may wonder why I think that this is important. and there are some 
fairly g ood reasons. First. a number of times in this conference 
mention has been made of the success that the Russians have achieved 
in getting technical manpower and the fact that they achieved this to a 
great extent by raising the prestige and stature of the scientific and 
engineering personnel to a very high level in the Russian economy. 
Second, Mr. Stockford just mentioned the tremendous amount of time 
and money that the aircraft industry was spending to raise the profes-
sional standing of its engineering people. Third, if you want a real 
good proof of where the engineer stands in the community today, I am 
sure that anyone who has engineers working for him can understand. 
Pick out one of your people at the group-engineer level, somebody 
who has responsibility for making technical decisions which keep an 
appreciable number of engineering personnel busy and the result of 
whose work keeps a large segment of a production shop busy. Look 




the dollar volume of business on which his decisions directly depend, 
and then look at his salary. I don't mean salary in terms of dollars, 
but in real terms, in the way he's able to live, the comforts that he 
can afford, the security that he can be building for himself, and com-
pare it with that of the business man who is running an equally large 
operation, and I think you will get quite a shocking comparison. 
General Barclay: Mr. Brown, may we have one more comment? 
Dr. Hirschkind: I talked to two gentlemen on my arrival here 
yesterday before the sessions who asked me, "Are you by any chance 
a chemist? 11 I replied, "I am, and I have no reason as yet to regret 
it." Whereupon they told me that they were not scientists but were 
supporting this foundation merely for reasons of public welfare. I 
answered, "I'm sorry to say that we don't." However, that can be 
remedied. Perhaps the Dow Chemical Company can find a way to 
support this foundation, perhaps not in the same style as Mr. de Guigne, 
on whose invitation I am here, and who is the head of the great 
Stauffer Chemical Company. 
At the risk of being destructive rather than constructive, I'd like 
to offer a few points of criticism to the three subjects responsible for 
this present shortage of scientific manpower: research p education, 
and, last but not least, the scientist himself. 
As far as research is concerned, we had a Dutch v i sitor about a 
year ago, a very brilliant Dutch scientist visiting our headquarters in 
Michigan, who made the following remark: "There are three sure 
ways of losing money - women, horses» and research. While the 
first two are more pleasant, the last is more certain. " The truth of 
the statement lies in the fact that if research is not very carefully 
controlled, as research in industry has to be in order t o survive, unless 
it is periodically and frequently scrutinized and cut off at the point of 
diminishing returns, it can waste manpower and money at a rate that is 
astounding. I think a great deal could be done if government research 
were scrutinized in the same manner as industr ial research. 
The second subject connected with this shortage of manpower is our 
educational system. I talked to a professor of Oregon State College, 
a professor of chemical engineering, who told me that he would not 
qualify as a high school teacher in chemistry for this rea"on: no 
high school science teacher can spend more than two years on scientific 
subjects because the rest of the time is allotted to so~called pedagogical 
junk which cuts short any thorough education in science. I believe that 
if something could be done to get better educated science teachers, they 
would inspire our youth to a greater degree than the teachers we have 
at present. 
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I want to offer a third criticism of the scientist himself - and 
that is rather a pet subject of mine. I wrote an article about three 
years ago on "the role of the scientist as a world citizen." Scientists 
as a rule associate mostly with other scientists and do not speak the 
language of the layman. I think it is imperative that the scientist take 
part in our public and civic life and learn to speak the language of the 
common man. He could thus do a great deal to influence our educa-
tional system and interest more pupils in taking up the sciences. The 
advances of the last decades in the physical sciences, culminating in 
the atomic bomb, of course, have given the scientists some prestige. 
But, nevertheless, some of our important political figures and execu-
tives are not yet willing to give the scientist the role he deserves. 
They think it is better for him to stay in the laboratory or at his desk 
than take part in important decisions. It is therefore up to the scien-
tist himself to improve these shortcomings and play the leading role 
in solving our problem. 
General Barclay: Thank you, Dr. Hirschkind. Mr. Brown, I am 
not sure that we have been able to define exactly the "what and why," 
but certainly we have explored the problem. At this point I find my-
self feeling somewhat as I did a number of years ago when my young 
son was in the third grade. One night he was having trouble with some 
of his third-grade arithmetic problems; so I helped him work them 
out. The next evening I inquired how he had gotten along and he said, 
"Oh, I missed three out of four," and I said, "Well, what was the 
matter?" He said, "Don It worry about it, Daddy; they were fourth-
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Mr. Brown: Thank you. General Barclay. I would now like to intro-
duce Dr. C. Mansel Keene. Deputy Director of the Twelfth U. S. Civil 
Service Region. who will serve as Moderator of our second panel this 
morning. 
Dr. Keene: I'd like to make a couple of opening remarks and then 
ask the panel members to give you the benefit of their thinking. We are 
fortunate that they are rather rugged individualists. They have some 
points they would like to make. and we have succeeded in persuading 
several of them to agree to cover certain additional points. We will 
each try to restrict ourselves to five minutes so that we'll have time to 
get que stions from the floor. As Mr. Brown said. we will attempt to 
channel those questions which relate to the province of the previous pa 
panel- in so far as we can recognize their area of concern - to them. 
If we stray into the domain of the other panel. I expect its moderator to 
bring it to our attention. 
One thing which I believe we should bear in mind in considering this 
area is the fact that the general concern with the manpower problem or. 
more properly. the efforts to solve the problem. in some measure 
enhances the problem. The intensity of our concern helps in itself to 
create the impression of a greater shortage than may really exist. I 
am reminded in this regard of the remark Thurber once made that 
thousands of people are kept busy cutting down elm trees to build insti-
tutions for people who are driven crazy by the cutting down of elm trees. 
Without proper perspective we may ultimately find ourselves turning out 
too many trained personnel for our needs. We can probably all recall 
that. during World War II. we had to stand in line to get a package of 
cigarettes. but suddenly. after V ... J day. we were virtually up to our 
necks in c igarettes. While the panel has been asked to suggest imme-
diate solutions. it is important that we keep the long- term implications 
of the problem in mind. As one of the members of the previous panel 
said. we are uncertain as to how long the current shortage will endure. 
How long-term are the needs and just how intense are they? I don't 
think that any of us here are knowledgeable enough as to the true nature 
of the situation to know exactly. It is to be hoped. however. that our 
grave concern with the current need for scientists and engineers will 
not cause us to attempt to match any other nation, person for person, 
or to try to turn out the same kind of product we may suspect they are 
turning out. 
The opening speech this morning was extremely stimulating. It 
should cause us to have some concern, as I am sure Mr. Stockford1s 
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remarks should also. as to whether education is the complete and final 
thing many have believed it to be. There is a temptation in the sciences 
or in engineering to stuff into the four years of college just as much of 
the major subject as possible. It is as though four years will allow us 
to stuff the casing to the full and from there on it is a complete sausage. 
Man can only be trained in those years of his formal college education 
in such a way that he will approach his problems with a prol:>lem- solving 
approach. This is contrary to human tendencies since human being~ 
usually would rather go off and curl up and forget that there are problems. 
Or. we frequently minimize problems by saying they don It exist. 
Something else to be borne in mind as you listen to the panel is that. 
as we pressure our schools to turn out a greater volume of graduates. 
our training may have immediate value but 'be less functional for the 
long pull. The field of psychology received a great impetus from the 
World War 1 testing of mental abilities. In the 19200s virtually eve_ry 
university in the country succumbed to the temptation to turn out Ph. DiS 
in psychology to meet the demand. Many were turned out who were high 
in course content knowledge but low in common sense. Then there was 
a temptation to ask "Are these psychologists? Then we don1t want any! " 
As the demand for psychologists fell off. some of the universities swung 
to the other extreme and almost took a measure of satisfaction from 
those they would fail in their Ph.D. examinations. They tended to fail 
students just as they had tended to cram them through before. I would 
hate to see an era of ultimate disillusionment come about when we find 
that the engineers and scientists we may be . tempted to push through at 
the present time aren't all we would like them to be. 
The last area of concern I would like to make reference to lends it-
self to no simple solution. It arises from the fact that. in our society. 
we have a rather poor understanding of what a scientist is. Daily we 
are confronted in TV commercials with white-coated characters who are 
selling toothpaste, etc. What is conceived to be the "scientific approach" 
moves merchandise; yet there is a broad gap in our society between the 
values held by engineers and scientists and those of the general popu-
lation. I suspect that there are also differences between the values held 
by engineers and scientists and those held by individuals in management 
jobs. These differences, if not properly understood. can cause a lot of 
problems. In the current issue of the American Scientist. there is 
evidence that some Sigma Xi chapters are attempting to solve the prob-
lem of securing more scientists and engineers by pushing in a direction 
which is apt to lead to even greater estrangement of themselves from 
society as a whole. since they would like to be sure that more students 
take science and mathematics in high school. No one would quar reI 
with this if it were not coupled with the reaction of several Sigma Xi 
chapters that places considerable blame on the liberal arts faculty for 
the failure to produce enough and properly oriented majors in science 
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and engineering. Now to the panel. 
To begin our panel I would like to ask Russ Varian of Varian Associ-
ates to discuss some experiences which he has had which may throw 
light on how we might better use our manpower. 
Dr. Varian: 10m bringing up a point not because it's the only thing, 
but primarily because itOs about the biggest waste of manpower that 
I've seen lying around. and, secondly, apparently nobody else is talking 
about it very much. I refer to what I think is a misconception in policy 
in military procurement. The misconception is that in buying new 
s ystems and new equipment the military is buying hardware; they're 
not. TheyOre buying knowledge and ad:vancement, and any hardware 
that's delivered is purely incidental. Now, as a result of this concep-
t ion that they are buying hardware, somebody dreams up a system and 
the military buys it. 
This is a complex system that has many, many components, cascaded 
in series. Anyone who has done any thinking about such things knows 
that if you have many components cascaded in series and you're going 
to put on the requirement that the system have a high probability of 
working, then the individual components must have an extremely high-
degree probability of working. In other words. there must be no ques-
tion about any of the components if you're going to approach this thing 
rationally. On the other hand. there has been extremely little money 
put into generalized component research. As a result. two things 
happen. One is that the new system is going to look so much like the 
one that went before that the result isn It funny at all. The other thing 
that happens is that they can't sell a system to the armed forces if it is 
just like the one that went before ito so they do have to put in some 
innovations, perhaps some innovations in the way they put the components 
together. Usually, they have to sell some innovations in components 
themselves . Well, those are things that nob~dy's built yet, and, while 
they usually are very circumspect in what they do here to pick components 
that theY're pretty sure can be built, they nevertheless get badly caught 
almost every time on how long it will take to build a component that they 
haven It built yet; and still. when they get through, the system looks 
d i scou ragingly like what went before it. What I am saying here is that 
the thing that is needed to make most rapid progress, and that is what 
the Government is really trying to buy, is not hardware but progress-
what is required is to break this thing down into research on components 
and not just research on components of the kind that we have been doing 
for years and has constituted most of our development work. 
I'd say 90 percent of our work falls into the category of making a 
particular tube to go into a particular socket in a system that has already 
been pretty much designed. We often get requests for tubes that canlt 
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be built in this process. What 11m trying to drive at here is that this 
concept of procurement leads to little that is really new. It leads to 
sure things. nothing but sure things. If we're going to make the most 
rapid progress, we need to take chances. and we canlt take chances on 
huge systems because if we took chances on the individual components 
the probability of the whole system working would be nil. So the thing 
that needs to be done is to break out and do generalized work on the 
individual components that go into systems, to make better components-
not to make a component to go into a particular so ck in a parti cular 
system, but to learn how to make better components. Then when youUve 
got the components, you can design components to fit particular uses. 
Of course, there's a wide range of uses. You have to know in a 
general way what kind of uses they will be put to, and, after you've got 
components, then you can start p utting them together into systems. 
What this really means is that a much larger amount of money needs to 
be put into generalized component research. Unfortunately. under this 
concept, you could quite conceivably appropriate more money, and it 
requires lots more money, in addition to what's already being done to 
supply needed short-term equipment. So it's not going to save manpower 
immediatelyz it's probably going to soak up more manpower. But, in 
the long run, it could produce a change in the rate of progress, I think» 
that - well, this is of course a wild guess, but my wild guess would be 
that it would produce a change in progres s of a factor of between two 
and four in the whole military equipment business. 
There are other things that are involved here too. To get that prog-
res s you would have to do other things. If you!re going to launch people 
working on projects that may in some cases have only one chance in ten 
of working. perhaps the average that you're going to work on hasn't more 
than a 50- 50 chance of working. Therefore you have to have management 
above the level of the people doing these things that understand this 
situation and that can judge the work, not on the basis of whether the 
work was a success or failure, but on the basis of whether the man made 
an excellent try or whether he didn't. That means you have to have 
technical understanding in the position of the contracting officer, and 
that's where there has been a steady attrition of technical understanding 
since the war. It isn1t enough to have the man directly respons ible 
technically competent to judge the work because you have to insulate 
your men that are working from the ignorance for one or more steps 
above. In order to do that, you have to provide enough peopl e who know, 
between the man who is doing the work and the first man who doesn't 
know, so that the last man who has technical competence can go to the 
man above and sell his case on an average performance basis and gloss 
over all those things that failed. There is just one joker that I don't 
have a solution for and that is politicians looking for political pUblicity 




to be raked out. Thus in setting up the best system for making progress 
an administrator would be exposing himself to political attack as a fool. 
Dr. Keene: If you have some questions, would you hold them. I don;t 
want to cut off the discussion, but I think Russ has some very stimulating 
ideas. You see, we're living in the era where for many years the scien-
tist was the poor stepchildi nobody asked him to play. Finally that day 
came and he's asked to play, but no one understands his music. This 
poses some real difficulties for our whole society. Now, I would like 
to have Admiral Spruance give you some of his thoughts as to a possible 
source of manpower. 
Admiral Spruance: Thereos one source of manpower - and we're 
talking about manpower - and the utilization of wasted manpower that 1 
think is available in the Navy, and, I presume,in the other two services, 
which have also had personnel problems since the war. This source has 
resulted from early retirement, caused by officers not being selected 
for promotion. A lot of awfully good men in their early 50's have to go 
on the retired list. Those people don1t get enough retirement on which 
to live comfortably and to educate their children who are usually in the 
college-age bracket. These officers are looking for jobs. They have a 
good many years of useful life ahead of them. A great many of them are 
just as good as, some even better than, people who were fortunate to 
have been selected. I think that to have those people either go on the 
shelf and do nothing, or perhaps to go out and sell real estate and 
insurance, which is one field thatOs open to them, is a great waste of 
talent in many cases. At least as far as naval officers are concerned-
I'm speaking about the regular line officer who 1S not a specialist in 
anything - they spend most of their career doing two things: one is 
meeting new problems that come up (they get new jobs which they have 
to learn how to do and do qUlckly) and the other is handling men and 
instructing and training them. Now, one field whi ch I have felt i s more 
or less open these days to retired officers is the field of education. As 
I say, theyG re used to meeting new situations, taking new jobs and train-
ing people, and I think a great many of them would make excellent 
members of school and college faculties. I know that most educational 
institutions require a degree now. I've known some officers who are 
retired who figure they will have to spend a year or t",,,o in order to get 
a degree in order to be able to teachi but we have all had a great deal 
of experience in our active careers in rubbing up against men and 
evaluating men and trying to keep the sharp edge s of difficult characters 
turned away from our shipmates. I think we have a good many people 
who would fit into organizations in the management end of it as execu-
tives and do a very good job. And I think, from that point of view, we 
might be able to release the talents of some of the more highly scien-
tific people, in the fields of science and engineering, to devote more 
time to the problems which they alone are able to handle. 
97 
Another thing: in the management end of it. it l s been my experience 
that when you get a good man. he tends to be overloaded with all the 
spare jobs that come up because you have confidence in him and you 
know he can do a good job. That. you1ve got to guard against and keep 
him on the thing he can do and do better than anybody else. 
Dr. Keene: Thank you, Admiral. One of the areas here that
' 
s of 
interest is that in some of our institutions. - and I'm thinking now of the 
area of hospital administration - we have taken the administration of 
hospitals out of the hands of the doctor who could better be utilized 
elsewhere and have developed a virtual profession of hospital admin-
istration. Now it would seem that the kind of manpower that the Admiral 
is referring to. and the kind which is available in terms of our support 
personnel in organizations. could be given a bigger share of the load as 
we have done in handling the administration of hospitals. Obviously. 
when you get into an area as technical as most of our research operations 
are. support people may have to be satisfied to corne in in some junior 
role. But it seems to me that, if they do. it should be with some 
assurance that they would be tested. and. if not found wanting, would be 
moved into a role commensurate with the capacities which they have. 
Now we have in organizations already. as has been implied in the 
discussions so far in this conference, a lot of support people. Sometimes 
the reasons that the support people aren1t members of the team, as it 
were. are due to a number of things. Captain Mandelkorn. who gave a 
very stimulating talk yesterday has some ideas in this area. 
Captain Mandelkorn: Thank you. Dr. Keene. If I may digress for 
just a moment. a little familiarity with logic and the scientific method 
leads one to the conclusion pretty early in the game that in order to 
solve the problem you have to define it. Yesterday I was guilty of a 
hasty generalization. I stated that in investigations which led to my 
paper I had found only one common conclusion - that we have a problem. 
Well. after listening to the deliberations of the last panel. I'm not sure 
my statement was correct. because there seem to be conflicting opinions 
on the subject. At least there were opinions rendered which indicated 
that perhaps we don't have so much of a shortage: what is it? does it 
even exist? how do we recognize it? Obviously, I am not in sympathy 
with this view; otherwise I wouldn't be taking up your time. I'm convinced 
that there is a definite shortage. that it's growing, and that we're going 
to need more. better-trained scientific people in the future for the growth 
of the country. Now I'd like to pass on to what I am supposed to talk about. 
This business of team spirit is one in which an infinite number of 
changes have been wrung from time to time, and one can grow very 
weary of the wordy platitudes that are enunciated on the subject. Now 
that I am personally involved in a laboratory operation and have had a 
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chance to come in direct contact with this kind of thing, I speak with a 
little more feeling. 
Most scientific and engineering organizations have some people in 
the upper echelons who know all about the important programs they are 
involved in. where they're headed, and are enthusiastically moving 
forward. The next rank is a little less informed, shall we say, but 
still has pretty much of the picture, and the communications are good. 
But, down the line, and not too far, there are a host of support people 
whose performance is es sential to the conclusion of the task. We're all 
familiar with them: supply and procurement gentlemen and ladies. the 
accountants, bookkeepers, comptroller folk. in some cases engineering 
support. the people that turn out the hardware that are used for exper-
iments. model tests. and so forth. and shop people. And I'm very much 
afraid that, in all too many cases, this second category ( in many 
instances, it makes up more than fifty percent of the manpower in a 
given organization) is just there doing a day's work and drawing a pay 
check. We don't need any "personnelists" to tell us here that people do 
a better job when they can identify themselves with the job. So the 
problem the management of a laboratory or research organization faces 
is how to bring about this identification of the support personnel wit;h the 
problems in hand and get their enthusiastic support rather than just a 
willingness to carry out an order. 
This is neither the time nor the place to go into details of how this 
can be done. I think, as a matter of fact. most of us have on our staffs, 
in the industrial relations organizations and management engineers, 
people who are professionally qualified and who are supposed to be able 
to do this. My plea is: give them the job. This will require, I feel 
sure, such things as discussions by upper-level people with support 
groups of what's going on, and slanted to indicate how they're contrib-
uting to it. It will require that the comptroller drop his all-too-typical 
attitude that the scientists are trying to break the bank. and that the 
scientist, on the other hand, drop his attitude that the comptroller is 
eternally trying to thwart him. 
Well, I would go on in thi s vein, but I think there are some other 
people that have to talk here and have some important things to say. 
But I'd like to leave you with the thought that the output of a given 
organization can undoubtedly be enhanced - I'd say at least 20 or 25 
percent - by this kind of communication and development of a team spirit. 
Dr. Keene: Thank you, Captain. I think that it is frequently apparent 
when we go into laboratories that topside spends most of the time refer_ 
ring to the key people, the more "ideational" part of its operation (it's 
a little more glamorous). This makes some of the other people in the 
organization sort of poor relations. I would like to ask Mr. Loftness 
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of Atomics International - it's a part of North American Aviation - to 
talk a bit about what happens within an organization in terms of its 
structure. and so on, which may provide us with helpful clues for the 
utilization of the available scientific manpower. 
Dr. Loftness: I would like to say something about the industrial 
utilization of scientific manpower. Although some of these things have 
been said before. in previous sessions and in this one,l would like to 
emphasize a few points. First. technical men often leave their technical 
positions for administrative posts because of the greater rewards. To 
keep them in technical jobs require s adequate promotion policies. proper 
prestige for them within the organization, the feeling that they have 
something to say in the management and yet are not burdened with all the 
details, and adequate office space on a par with administrative personnel. 
Second. as Captain Mandelkorn just mentioned. there is often poor 
communication between both the top management and top scientists and 
the people beneath them. As -organizations grow, they become more 
rigid and stratified. Information is passed on in the form of memos 
from one level to the next, and, by the time the lowest level is reached, 
the communication is merely an instruction to do a particular job, with-
out any reference to the goal or purpose of the job. As a result, many 
engineers and scientists do not apply themselves in the proper di rection 
in the job that's given to them. 
Third. in an industrial organization it's very important that we keep 
people from leaving. Men leave, of course, for many reasons, but one 
of the reasons is, particularly with younger engineers, that we demand 
a broad background, when we consider men for promotion. They see 
this and say, "Well. to get this broad background. I must leave this 
organization and go somewhere else." We not only ask for broad expe-
rience, but we also want a man to have this at a very tender age - we 
want a man with 40 years' experience who is only 32 years old. Further, 
we very often do not promote a man within the organization because we 
know him and his shortcomings. Instead, we go outside and hire some-
body who has the apparent qualuications and seems to fill the bill, but 
wi th little knowledge of his shortcomings. It takes six months to a year 
to train a man in a job, and this time is lost both to the company and the 
nation. as a whole. It is worthwhi le, therefore. to look within our own 
organizations to find qualified personnel for promotion. 
Finally. the proper utilization of senior scientists and senior engineers 
is important. This is not yet a problem in my company. which is an 
atomic energy organization. because our oldest man is only 43 years 
old. Obviously this will become a problem in our organization and senior 
scientists certainly do represent an important source of qualified personnel. 
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Dr. Keene: Another aspect of the maximal use of scientists and en-
gineers has to do with the types of rew ards, the types of recognition 
that we give these people in our orga,nization, aside from promotions or 
salary. Since we're working in areas which are so fra~ght with secu-
rity problems, it is frequently difficult to identify an individual's con-
tribution and allow him to publish, or to share with his fellows, some 
of the things in which he's working. I've asked Captain Behnke, Medi-
cal Dir.ector of the Radiological Defense Laboratory, to talk a bit on 
this as well as on some of his ideas on the utilization of personnel. 
Captain Behnke: I am from the Radio1bgica1 Defense Laboratory 
commanded by Captain Mande1korn. My statements, however~ at this 
Brainpower Forum, are not official but nevertheless they will serve to 
epitomize my experience with individuals engaged in research. 
In this "Brainpower Forum," in which I am perhaps a misplaced 
person, I shall resort at least to utilizing the blackboard at this exem-
plary post-graduate Navy School in Monterey. 
We've had many ideas of what to do and have talked about a good 
many things which perhaps can be plotted along a distribution curve. 
Here, to the left of the mean, are actions which will increase efficiency 
and, to the right of the mean, actions designed to increase our scientific 
resources. And, here, let's say we have the golden mean, which seems 
to center around the idea of education. For example, to the right of the 
mean with reference to sources of manpower, mention has been made of 
retired personnel and the use or misuse of WOInen. I'll. make a few 
comments about that later. And then on the constructive side of the 
distribution curve, so far as rewards go, we have increased pay, partic-
ularly for individuals in governm·ent service who are hired away by in-
dustry at increased salary - a little increase in salary - to do the job in 
industry that they were doing in government, at a 15 percent profit. We 
could increase the pay of these people, guarantee their education, give 
them a Thunderbird and a Cadillac, a home and security. But in this 
matter we are "off bounds" on the right side of the distribution curve; 
so we'll forget about it. 
Then, to the extreme left of the mean, on the completely destructive 
side, perhaps (and I'm thinking of the high school student who poured 
liquid air down the little girl's back) if we applied an alleged old-time 
military (not our U. S. Army) act of "decimation" to combat insubordin-
ation and shot every tenth child and said, "See here. Now we have 
discipline. You boys are going to study science and become engineers. " 
Well, that, of course, is atrocious;, so let 'us rule it off the board. I 
may say here that to increase scientific effort, in place of the 40-hour 
week for scientists, we'll just put them all in a stockade and say, "Men, 
you will work 72 hours a week 'from now on." We indeed could iricrease 
r 
time on the job. But. you see, the idea is destructive and must be .ruled 
out as having no place on our distribution curve of steps leading to con-
structive accomplishment. If enforced it would. no doubt. prodll;ce 
greater consternation than the "decimation" previously mentioned. 
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Then we come to the restrictive influences that affect people in gov-
ernment service and we can say Civil Service. I won't say "abolish 
Civil Service." but there are Civil Service restrictions that stultify an 
individual who in the university is dynamic and enthusiastic, working 
early in the morning and late at night. Now put that same individual 
in government service - not all of them - and something happens to him. 
You find him, say ten minutes before starting time, sitting in his auto-
mobile reading a newspaper. We need not go into this problem more, 
but you see what's happened to the individual. Civil Service restrictions 
apparently apply to a group of people for whom they were not at all 
intended. You perhaps substituted something much worse than the 
spoils system of Andrew Jackson if Civil Service acts to nullify creative 
effort by eliminating professional competition. 
Now, for definitions. What are we talking about? Scientific man-
power? We've talked a lot about engineers - engineers and scientists-
they go together; I don't know which is at a higher level, but, with refer-
ence to scientific manpower, let's define what we want. We say select, 
or look for these people, the leaders. One doesn't select leaders, really; 
you recognize leaders. And at the top. level, the people we are talking 
about, the nuclear physicists, the true scientists, the men who are capa-
ble of creative effort, who can conceive a space ship and develop it, es-
sentially the mathematician and the physicist - when are they profession-
ally productive in a creative sense? In their twenties and thirties. How 
many of these accomplished individuals are there in the population?Fewer 
than "pro" football players, one in 1,000, one in 10,000, one in 100,000. 
All right. What is one problem? For educators, perhaps, to get their 
minds off university athletics and football players and look for these 
people of genius and then to take these people and move them along, ir-
respective of the normally functioning educational system geared to the 
mediocre American average. Take these people and move them along 
quickly so that they're productive early. Then they can get their liberal 
education later. And above all protect them. For every Darwin there 
must be a Huxley. Sometimes men who can conceive a space ship have 
the initiative and ability to bring such a concept to fruition. But many 
times these people of really creative bent are like great artists. They 
don't have the executive ability, and they need people with them who are 
dynamic, who understand them, who are aides, so to speak, and who can 
protect them in many ways, not only in their professional life, but in 
their personal relationships, so they don't become neurotic and go up to 
some tall building and jump off. Guard our great national treasure, the 
few people of genius, and you don't need too many. How many people do 
you have to have? How many men of the caliber of Einstein, Fermi, or 
Niels Bohr? Consider the few scientists who left Germany, beginning way 
back with Steinmetz and the irreparable loss to that country! Thus by 
ferreting out, supporting, and nurturing a few men of genius, Dr. 
Hirschkind, is the way you save your money in research endeavor. With 
a good man, in his research there is no waste, no matter what he does, 
you see. 
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Where is this preeminent kind of scientific manpower to be found? 
This is where the International Science Foundation comes in. There 
are a few of these gifted individuals in every country all over the world. 
When I was in Germany recently there were a number of these individ-
uals, young men in their twenties with little opportunity to develop. 
As many of you know, I made a deal with the International Science 
Foundation to bring some of these people over here to work in my lab-
oratory . The International Science Foundation can function in South 
America, Yugoslavia, in these various countries where there are 
people - a few - with the creative power that may forever lie dormant 
because of lack of opportunity. 
And then the other problem that has taken up most of the time in 
the discussion - the shortage of electronics engineers and so on, train 
these people? educate them? Yes. Now, what is the problem? The 
problem is to legislate for these people what might be called an 10 Bill 
instead of a G1 Bill, not waste time by financially supporting a lot of 
boys in college for this, that, or the other reason, but take men with 
technical competence and pay their way through college, relieve them of 
the necessity to work during the period of formal education. While it 
was a good thing in the old days for many of us to work our way through 
college, these technical people haven't the time, they shouldn't be ex-
pected to waste the time when they could get the Government's support. 
Their postgraduate training could be sponsored by the Government or by 
industry or other agencies interested later in utilizing productive effort. 
Now the last point I'd like to make is with reference to retired 
personnel and their utilization. In the Government service we retire 
naval officers and hire civilians, often, to do jobs that they could have 
done. We hire often less qualified, less competent people, in civil~ 
ian clothes to do the job for which the naval officer is trained and can 
do, but he's retired. This is an old problem and one that can be solved 
by a few administrative adjustments that would permit the Government 
to pay individuals in Government service a salary even though they 
were civilians. But - the problem of retired personnel: the great 
hidden source of manpower (apart from combing the world for the select 
few previously discussed) who may be utilized, the reti red personnel 
who may be retired when they are most effective in the kind of work that 
they are especially qualified to do - education. I don't mean creative 
and inventive effort but administrative and teaching endeavor and posi ~ 
tions that require judgment and the qualities of a statesman. You 
wouldn't retire a statesman, a man like Churchill: at 62, he's really 
just getting started, he's effective at 70 and even up to 80 years of age. 
To utilize the services of these individuals, however, it is necessary 
before they retire that they have as their goal and that they prepare for 
"retirement" careers. Industry and government must become interested 
in them before their retirement. It isn't a matter of waiting until the 
last day and then walking into a job. 
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From the doctor's point of view, on the medical side, Pd like to 
state that we can now make diagnoses and rehabilitate, as it were, indiv~ 
iduals past the age of 40 who are apparently healthy but who will later 
break down unless steps are taken to prolong their period of useful activ"" 
ity which can be extended five or ten years longer. There are now 
available medical adjuvants and there are the diagnostic procedures that 
make it possible to render these individuals very effective for many years. 
In conclusion, the reward - the subject I was to talk about and about 
which I have said nothing - the rewards for indi viduals in s cience and 
research. Well, to allow a man in scientific work to purs ue creative 
effort, to engage in a hobby, as it were, and get paid for it, is all that's 
necessary. He III be very, very happy, Erovided he isn't guaranteed 
security, p r ovi ded he is not dwarfed by petty Civil Service re s tri ctions. 
Science is competitive and you can It guarantee scienti sts security. And 
the deadwood that accumulates, youlve got to get rid of it. Thi s is the 
debilitating factor that spoils your whole organization in science. Indeed~ 
the few people who are good don It want to work with a lot of mediocre 
indivi duals that you canlt possibly, or let us say w i th reasonable effort. 
get rid of under the present system. 
Dr. Keene : I was happy that the Captain at least reflected on the 
ancestry of a few more people than the Civil Service. I felt for a mo~ 
ment I might be in lonely splendor here at the bottom of his range. Some 
day Pm going to have a beer with the Captain and point out that you can 
fire civil servants (I have fired a good number of them). It takes guts 
on the part of the administrator - not saying the Captai.n lacks them, be ~ 
cause he seems to have demonstrated them here today. 
There is another source of possible manpower. This is the retired 
professor - a group that, unfortunately, is frequently so poorly paid 
that their pensions are not as much as we pay our office boys. We have 
with us a gentleman, Dr. Panunzio, who is himself Emeritus P r ofessor 
of Sociology at the University of California, Berkeley, who has been 
participating as a director of a surve y of this manpower. Dr. Panunzi o, 
would you like to tell us about what youlve been finding out? 
Dr . Panunzio: Mr. Chairman, almost everYbody has in one way OT 
another touched upon the problem we are discuss i ng . But I am Teminded 
of what Mark Twain, you remember, used to say about the weather : 
that everybody talked about it but nobody did anything about it. A small 
group of us decided that we were going to try to do something. So Pm 
going to tell you the story of what we have attempted and of the little 
success we have had. 
We found ourselves retired. from the Univers ity of California, with 
an average of $108 down south and $211 a month up north, with service 
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of about 30 years, on an average. We went up to the Regents with a 
plea and they responded wonderfully. They raised the retirement pay 
of the pre-1954 retired people from that average to one of $429 per 
month. Then they gave us a chance to reconstruct the retirement sys-
tem; and under the newly constructed system (patterned after the Calif-
ornia State Employees' Retirement System) the retirement pay averages 
about $550 a month. At present there is probably no other university 
in the country which has that amount of monthly retirement pay. 
Having done that, the next question was: What about our colleagues 
elsewhere? Many people said, "What's the use troubling about other 
people?" But we thought we should take on the trouble and try to find 
out exactly what the situation was. We sent a letter to the presidents 
of colleges and universities requesting them to furnish us lists of their 
emeriti (for the sake of abbreviation, we use the term "emeriti," the 
plural of "emeritus," to designate all the retired academic people, 
even though not everybody has the "emeritus" title). We thought if we 
could only secure twenty or thirty such lists we would be happy. Much 
to our astonishment the answers came in an unbelievable number, bring-
ing us not only the lists but also encouraging letters from administrative 
officers of colleges and universities all over the land, showing us that 
the country was aware that a very fundamental problem existed. As a 
result we now have a basic list of about 11, 000. We estimate that there 
are between 12, 000 and 13, 000 of us retired academic people in the 
United States. 
We are aiming at two things. One is to come to the economic and 
"spiritual" rescue of these people. So we sent a letter to our colleagues 
to discover what the situation is; now we have a fairly firm sample of 
about 2, 000. 
The replies contain not only data but, more significant, letters that 
reveal the details of experiences, aims, and aspirations. In many 
cases - in a great many cases - the distress of our people is far more 
than one over the pittance of retirement pay they are now getting. Many 
of them feel that they have been shunted off, forced out when they were 
in the prime of their mature abilities. A relatively small number do 
manage to find other jobs, but the majority are bewildered and broken 
up. They feel deeply wounded by the thought that, after giving whole 
lifetimes to the service of the institutions and the country, they have 
been driven off and forced into uselessness. 
From the sampling of data we have, we also find that the retirement 
pay of the emeriti in the United States averages about $180 a month. 
And if we take out those retired from the larger institutions who receive 
about $334 a month, the average for the majority is well below $100 a 
month, a sum you can get from old-age benefits in many states, without 
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having had to pay one-half of it, as most of our people have paid into 
retirement systems. The_ Army does better than that for its retired 
mules. 
One thing, then, we are trying to do is to repair that damage. To 
do -so we need about 200 million dollars. We have made a detailed 
plan, and are in hopes of finding some foundation or a benefactor of 
Carnegie-Rockefeller-Ford stature who will corne to the rescue. 
The second thing we are trying to do is to salvage the abilities of 
our retired academic people. The information sheet we send out asks: 
"Are you in sufficiently good health, and do you wish to be recalled to 
service? 11 At the University of California, the Regents made it possible 
to continue in or recall to service those who are in good health and want 
to work. And the late Chairman of the Board of Regents started a 
fund for the purpose of furnishing salaries for post-retirement people. 
The University of California is now employing about 30 post-retirement 
professors. 
Gentlemen, I submit that the retired academic people constitute the 
cream of the leadership-training crop of the whole country of the last 
four decades. They have been forced, by retirement provisions, out 
of usefulness, when many of them could be of great use to the nation. 
And we are trying. by mild persuasion, to get colleges and universities 
to recognize that fact. 
To that end, we publish a brochure entitled "Emeriti for Employment, " 
in which we list Emeriti who wish to be re-employed. And we're getting 
a demand for this lis t from all over the country 0 Our office is now in 
Los Angeles: and we're getting long-distance calls even from as far off 
as South Carolina, Connecticut. New York. New York University is 
considering the possibility of employing a number of our people. We 
send our lists first to the small institutions which are really up against 
the problem of staffing, and then to larger and larger institutions, con-
stantly keeping before the authorities that something must be done about 
these people. 
In closing, may I add one word or two more. F i rst, the country 
cannot afford to dump this. the cream of its intellectual crop, onto the 
heap of misery and penury on which they are now. Because. such a 
group of dispirited, embittered persons is certainly not going to encour-
age the young to go into teaching, and the shortage of teachers, already 
serious, will become increasingly severe. 
Second, gentlemen, if you need brainpower, don't take it away from 
the colleges and universitie s: otherwise you're going to intensify the 
problem. Unless you have the trainers, you're going to have a geometric 
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increase in the shortage of manpower. In addition to the sources men-
tioned (retired people, women, etc.,) you could draw also from foreign 
countries, from among the foreign-born in this country and their chil-
dren. But whatever else you do, do not take personnel from the current 
academic staffs. 
Finally, gentlemen, I submit to you that this entire matter is more 
than just a recruiting problem, it's a matter of ideology. Unless you 
give people something to live for, something more than food and drink, 
more than a swank car, and new suits of clothes. and vacations abroad -
unless you can give them some thing to fight for, to live for, your re-
cruiting problem is going to be ever more intense. The underlying 
power of America, at least to me - and America is very precious to 
me. in part because I was for e ign - born and raised - the underlying 
power of America consists of the dream of justice and fraternity and 
integrity and kindliness and e quality. Unless you have a dream, there 
is no power on earth that can durably fill your ranks with manpower. 
What is true of individuals i s true of institutions and nations : 
Who dreams shall live ! And if we do not dream 
Then we shall build no Temple into Time. 
Yon dust cloud, whirling slow against the sun, 
Was yesterday's cathedral. stirred to gold 
By heedless footsteps of a passing world. 
The faiths of stone and s teel are fail e d of proof. 
The King who made r e ligion of a sword 
Passes, and is forgotten in a day. 
The crown he wore rots at a lily's root. 
The rose unfurls her banners o'er his dust. 
The dreamer dies. but never dies the dream. 
Though death shall call the whirlwind to his aid, 
Enlist men ' s passions, trick their hearts with hate . 
Still shall the Vision live! Say nevermore 
That dreams are fragile things . What else endures 
Of all this broken world s ave only dreams! 
- ~Dana Burnet: Who Dreams Shall Live 
"It ' s the set of the soul that will decide the goal, " and not talent 
scouting or recruiting. 
Dr . Keene: After Dr . Panunzio's remarks I'm afraid that there's only 
one thing wrong with the approach of the rest of us. we seem to be think-
ing on a less elevated plane . But, so that we can meet Bob Mello wherever 
it is that he's supposed to meet people - we do have a luncheon date at 
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1: 00 - there may be questions you ' d like to direct either to this panel 
or the previous panelo Let's restrict ourselves to the next twelve 
minutes. Are there some questions? 
Question from the floor: The Captain was going to discuss the prob-
lem of utilization of women ••• 
Captain Behnke: In wartime we know all the service women render -
ed - even as welders and machinists - and we know in science that a 
few gifted women, like a few gifted men. are available. These women 
should be selected, but by and large it has been my experience that 
women will not be satisfactory for the simple reason that their utiliza .. 
tion in industry is really not in line with their prime objective and 
interest in life. It is much like sponsoring a musical education for a 
girl who learns to play the violin, and after she's married she never 
plays it again. In wartime, as the Russians demonstrated, women on 
the battlefield, particularly in medical work, did a wonderful job p but, 
outside of war, their increase utilization is not feasible, except for 
that one~tenth of one percent, who are on a par with men, for example . 
the Lise Meitner type of mind. 
Dr s Keene: Current statistics tend to show that women corne into 
the labor market for a period after college graduation (the National 
Manpower Council Studies show), leave to rais e a family , and are 
raising families of increasing size, and that those women corne back 
into the employment market. So that I think that there is some evidence 
that a woman is perhaps a little better bet than the Captain implies. I 
participated last year in this National Manpower Conference where we 
were discussing employment of women, and the national s tatistics show 
that women are not as good long coterm bets as youths. but. if we ' re 
taking a long-term view of this, they do corne into the market for a while , 
they work until they have a child. simply because the demands of our 
society for some of the material things are pretty compelling (perhaps 
we should get more of the motivation Dr. Panunzio is talking about) . 
and then they do corne back into the market when their youngsters enter 
college. This is true of quite a large area of our society. not just of 
the lower level or even the c1erical .. type job, and I think there is an 
increasing trend in this direction. It was somewhat muddled by what 
happened during the depression~low birth rate and a lot of other things. 
Question from the floor : Captain Behnke, I happen to agree with 
everything you say, but can you tell me who it is going to be who makes 
the decision between a Fermi and the engineer, and how we go about 
training them? Do we have people take over a haberdashery store first 
in order to get this training? Who is going to give suggestions to the 
top~level people to decide what Fermi is going to do with his genius? 
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Captain Behnke: Well, there's no problem in recognizing the prodigy, 
the gifted individual. 
Question from the floor: This morning we've alluded to management 
on several occasions. Then management, whatever this may be. is 
going to make the decision between a Fermi and the operational person-
nel. Who is this man. who is going to make this decision. and how are 
we going to train him? Is it. as I suggest, a man trained in a haberdash-
ery store who makes this decision? 
Captain Behnke: Well, of course, it's the educator. isn't it? 
Question from the floor: Well, how do we go about encouraging this 
sort of thing? You alluded to the question of a liberal education as some-
thing coming after. I buy this. 
Captain Behnke: Now, if you set up in your educational system a 
means whereby the outstanding individual is moved right along so that 
he may have his Ph. D. at the age of twelve or fifteen, he may be in 
his productive period in his early twenties. Is your educational system 
today geared to take that child up, pay all his expenses, and move him 
right along? Or is he thrown in with the others in a class, thus delay-
ing his recognition and preventing his accelerated progress. 
Question from the floor: No more so than your own military service 
is guilty of a very grave breach of what you're suggesting. Let's take 
the NROTC right now, where we say we are training general line officers 
to carryon the tradition of the Navy in this regard, but we are not let-
ting those same students, and some of them are geniuses, out of the lock 
step that was devised as a brainstorm to secure general line officers. 
This is denying the very thing that you've presented today, I think. 
Mr. McCrensky: I'd like to comment on that. I think that Captain 
Metsger mentioned yesterday that this problem has been studied. and 
Admiral Burke actually put out a memorandum on the utilization of 
genius in the ROTC. A program is now being developed to do exactly 
what Captain Behnke suggested to get a more free-wheeling utilization 
of the real genius type. I think this was called to Admiral Burke's 
attention at Notre Dame, where he was attending a commencement 
ceremony. Apparently one of the men in the ROTC had the highest 
record in something like 50 years, and this man was going to go in as 
a line officer. This is perhaps being duplicated in other campuses. 
Mr. Balch: We're doing that at M. I. T. now. 
Captain Behnke: I just want to say a word. There is right under my 
plate here a hidden source of manpower. I forgot about the draft, and 
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that we have Ph. D. 's and people with Master's degrees as enlisted per-
sonnel. There is a real problem here in the utilization of these people. 
In Germany in World War I they put them in the trenches - that was war -
and they were killed. In World War II better care was taken of scientists. 
We. in some instances, utilized them very effectively. but, since they 
all come into the military, we do have a problem, not with the genius 
necessarily but with a very high type of competent man. What are you 
going to do with him? I say now, when there is no Korean conflict or 
other conflict. that here is an opportunity. of course. to do something 
really constructive'. 
Dr. Keene: We have a couple of comments back here. And I erred 
in not asking the speakers to identify themselves so that our recorders 
can get this on the record. Let's start in the back there. 
Mr. Hicks: I have a "quickie" for Captain Mandelkorn. We've been 
doing a little mental sparring. and I don't think that the two of us are 
very far apart. I personally believe that the middle road is the right 
road now. and I'd like to ask the Captain a question. I think we have 
already determined that there are certain basic reasons for the scientific 
manpower shortage that we all agree does exist, but the degree is some-
thing else. Some of the reasons I've just listed here : the manpower 
required by the Governm ent, automation, the greater use of highly com-
plex farm machinery. the automobiles of today with their two-transmis-
sion systems, all of the things which require highly qualified people. 
There are other reasons why we don't have people in all the categories 
that we know we should have: the great depression watered down the 
supply, and then we shut off immigration. Are we possibly get d ng our 
manpower force out of balance? If we did make a great effort to fill in 
the gaps. what would happen if the Government decided that we should 
cut back on some of our spending. cut back on s ome of our military 
programs? Wouldn't we reach a s aturation point very fa s t? Won't we be 
creating troubles for the next two or three generations if we don't temper 
our thinking a little bit? 
Captain Mandelkorn: In other words. let's go eas y because we might 
create an oversupply tor a supposed need that will never exist. Is that 
your question? I don't think so. I just came from duty in Washington, 
where I was mixed up in the budget business to a f" re-thee-well. We are 
operating today under a level budget concept for research and development 
under the Department of Defense - five hundred million dollars. to be 
exact - divided among the three services. No one in the RandD business 
agrees that this is adequate to investigate the things that need to be 
investigated for the future development of proper weapons systems and 
what goes with them. However. decisions have been made by higher 
authority - and I imagine the Board of Economic Advisors to the Presi-




bear a direct relation to the total defense budget, which fluctuates some-
what from year to year. I feel that, in the area we Ire talking about, 
there can be only one direction for expenditure on research and develop-
ment by the military, and that is up - if we are to maintain preeminence. 
Accordingly, I feel that there will be a continuing, growing need for a 
supply of better brainpower. Nowwhether this takes the form of an in-
crease in numbers, or an increase in quality, or a combination, I'm not 
qualified to say, but so far as a demand for increasing total output, or 
capacity, is concerned, I have little doubt. 
Dr. Katz: I've felt for most of the meeting that lIve been out of place 
here. As Captain Behnke said, when I saw it was a brainpower forum, 
I wondered what I was doing here. I'm caught between industry, manage-
ment and the academic side of scientific research. I wear two hats. I 
not only practice medicine, but I teach medicine. You might be interest-
ed in what the American Heart Association has recently undertaken for 
cardiovascular research, namely, the creation of lifetime career inves-
tigatorships. 11m not sure that any other health association to date has 
done this, but I'm sure that more will follow. We have six to eight men 
underwritten for lifetime research who have been select~d not for what 
they will produce but how they will perform. The salaries are not those 
of top management, I am sure, but they are adequate and they are so set 
up that the recognition and opportunity for research far outweigh the sal-
ary. I think that ls what the younger man going into the various fields of 
science is more interested in than actual salary, all things being equal. 
I was also interested in what Captain Behnke had to say about women in 
science. I don lt know what the problems are in other fields, but I do 
know that in medicine, if you train a woman and she doesn lt follow 
through and then comes back again, she IS ten or fifteen years behind 
the times. She is then of no use for most aspects of medicine today. 
Dr. Keene: Well, I think that it ls surely true that one of the problems 
in using the retired person, or the older citizen, is that things have 
moved along so rapidly. In any area, male or female, many difficulties 
arise, but I do think we are guilty in this country of wringing our hands 
in this shortage of manpower, partially in terms of our own masculine 
conceit. I don lt think we are willing to stand the competition that some 
women can give us, some of the women that the Captain is talking about. 
I think we pass a lot of this off by talking about what every woman ls nat-
ural role is. I realize that we lve still got some hands indic ating ques-
tions but we do have to end. 
Mr. Brown: Dr. Keene, I'm sorry, I think it ls my painful duty to 
step in here because it will not be fair of us to encroach on Dr. Fawcett ' s 
time at one olclock, and it would be ill-advised of me to let the meeting 
go on, no matter how interesting. 11m sorry to have to shut off the 
questions. 
Dr. Keene and General Barclay, may I, on behalf of the Forum, thank 
you and your panel members for a very interesting and stimulating dis-
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Mr. de Quigne; I have just had a plea for help from Bob Kimberlin 
who is supposed to shape up a cour,se of action for us later this afternoon. 
and I am going to ask Bob Champion. our toastmaster for this luncheon. 
to head up a task force to work with Kimberlin for the next hour or so to 
unscramble some of the points that have been brought up in our morning 
session. I'd like to ask Admiral Spruance. General Barclay. Captain 
Mandelkorn. Dr. Keene. Dr. Miller. and Mr. Balch to go along with 
Bob and give a hand. 
It is now my pleasure to introduce Dr. Claude W. Fawcett of the 
National Association of Manufacturers who will speak to us on the brain-
power shortage - a threat to our free enterprise system. 
Dr. Fawcett; 
I. Industry can not long survive without the brainpower that is neces-
sary for its existence. 
A. Productivity per hour of labor must be increased at a faster rate. 
B. 
1. During the next 20 years our population will increase by one-
third. 
2. The total man hours worked are not expected to increase by 
more than fifteen percent. 
3. If we are to maintain the current standard of living. it is 
necessary for us to improve conditions so that each worker 
can improve his productivity. This is to be done by discov-
ery and research. 
It is necessary for 
materials. 
1. Copper '. 
2. Bauxite 
3. Nickel. cobalt. 
us to find out how to make better use of raw 
, 
columbium. tantalum. and titanium. 
C. Our whole free enterprise economy is based on the idea that 
there are unlimited potentialities' for creativity. 
1. The man whose product is no longer competitive feels the 
need for research. 
2. The consumer who has unfilled needs knows the need for 
research. 
3. Industry knows the need for research • 
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a. Mc-Graw Hill Economics Department reported $5 
billions of dollars spent in 1955 on research, 29 percent 
above 1953. 
b. Mc-Graw Hill expects 1959 to see business spend well 
over $6 billions on research. 
4. We will indeed grind tQ a halt with a "mature economy" if 
we fail to find the leadership required to keep this a growing 
and progressive economy. 
5. An aircraft company gives an experience typical of much 
of indus try. 
a. In 1940 it took 17, 000 engineering man hours to develop 
a typical fighter plane. 
b. The requirement today is about 1. 4 millions of engineer-
ing man hours. 
c. The typical plane of 1960 may well require more than 
two millions of man hours. 
II. There are some problems that are insoluble, and industry recog-
nizes that this is one of those problems for which there is no 
immediate solution. 
A. There just aren't enough college graduates to go around. 
1. In 1960 the country, according to the American Medical 
Association, will be 30, 000 doctors short of reasonable 
standard to maintain the public health. There will be 
corresponding shortages of dentists and nurses. 
2. The land-grant state universities graduated only 8, 500 
agricultural specialists last year. Over 15, 000 good jobs 
requiring these specialties were available. 
3. 165, 000 elementary teachers could have been used last 
year if they had been available. They would have been 
used as follows: 40, 000 to replace the unprepared. 
10,000 to provide neglected services, 30.000 to relieve 
overcrowding, 25, 000 to take care of increasing enroll-
ments, and 60, 000 to replace those who left the profession. 
4. Only 35, 738 fully prepared elementary teachers were 
graduated and the schools were able to employ only 
28, 000 - barely enough to meet the needs of increasing 
enrollments but not enough to replace even half of thos e 
who left the profession. 
40, 000 secondary teachers were needed this year -
35,000 to replace those who left the profession and 5, 000 
to meet the needs caused by increasing enrollments. 
51,418 secondary teachers were graduated but schools 





5. The reason for this shortage is clear enough. We had a 
low birth rate during the 1930's. People who graduated 
from college last year were born in 1934. We have great-
ly increased our demands for college graduates just at 
the time when we have the fewest people of college age to 
meet the needs. 
6. Increases in birth rates mushroomed from 1940 on. The 
people born in 1940 are now sophomores and juniors in 
high school. They will not be college graduates for an-
other six years 0 1962 is a good time to peg as the begin-
ning of the increase in numbers of people available for 
the occupations in which we are interestede 
Industry has recognized this shortage and has taken the usual 
and most reasonable steps to get by in this period of over-all 
shortages. 
1. It has begun to look at the measures it can take to make 
better use of its highly~trained scientific personnel. 
a. It has broken down engineering jobs into pieces that 
some operations can be carried on by technical and 
s emi~professional personnel. 
b o It has started building a staff of technicians able to take 
over detail work formerly performed by engineering and 
scientific personnel. 
co It has pushed mechanization of as many details of scien-
tific and engineering research as is possible - Univac 
and other similar digital computing devices. 
d. It has started purchasing research functions from highly 
skilled research centers. 
e. It has withdrawn engineering personnel from occupations 
where it is desirable but not necessarily critical. 
2. Industry has greatly stepped up its in~service training 
programs. 
a. For engineers 0 
b . For technical pers onnel who can be taught engineering 
functions. 
c. For individuals who have to assume jobs formerly held 
by engineering personnel. 
3 . Industry has started recruiting individuals from other occu -
pations or from retired lists who can be trained to fit into 
engineering and scientific occupations. 
4. S orne of these changes were long overdue, but some of 
these changes are frank adaptations to the practical facts 
of life that there just are not going to be enough people to 
go around for a while. 
5. Some of these adaptations to circumstance we do not like. 
but we recognize that there is nothing that can be done now 
but make the best of the circumstances as they exist. 
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III. The long .. range solution to this problem rests not so much in such 
emergency measures as it does in the educational prograpl. of pub-
lic schools. colleges. and universities. 
A. It may not rest - as some people so fondly believe - in increas ~ 
ing enrollments in science subjects in high schools. 
1. A very large proportion of our high school students are now 
exposed to science courses. 
a. According to aU. S. Office of Education Publication of 
1956, Offerings and Enrollments in Science and Mathema -
tics 
l"f'Only one of nine 12th grade students was enrolled in a 
high school offering no trigonometry, solid geometry, 
or intermediate algebra. 
2) Only one in fifteen 10th grade students was enrolled 
in a high school offering no plane geometry. 
3) Only one in thirty lOth grade students was enrolled 
in a high school not offering biology. 
4) Only one in seventeen 12th grade students was en~ 
rolled in a high school offering neither physics or 
chemis try. 
b. According to the same publication: 
1) Enrollment in biology equaled 72.6 percent of the 
number of pupils in the 10th grade. 
2) Enrollment in chemistry equaled 31.9 percent of the 
number of pupils in the 11th grade. 
3) Enrollment in physics equaled 23.5 percent of the 
number of pupils in the 12th grade. 
4) Enrollment in general mathematics equaled 44.5 
percent of the number of pupils in the ninth grade. 
5) Enrollment in elementary algebra equaled 64.5 
percent of the number of pupils in the 9th grade. 
6) Enrollment in ge ometry equaled 37.4 percent of the 
number of pupils in the 10th grade. 
7) Enrollment in intermediate algebra equaled 28.5 
percent of the number of pupils in the 11th grade. 
8) Enrollments in trigonometry and solid geometry 
equaled 13 percentof the number of pupils in the 12th 
grade . 
B. It may very well be that the only solution to this brainpower 
shortage rests in getting more people into college and in keep~ 
ing them there longer. 
1. Repeated studies by the University of Minnesota and other 
responsible research organizations prove rather conclus ~ 
ively that for every person of ability we get to go to college 
another of equal ability never finished high school or. if he 
does, fails to go to college. 
2. Those who do go to college often drop out before they com-




Of 1,442 "native" students at the University of California 
(Berkeley Campus) 97 percent began a second semester, 
90 percent a third, 77 percent a fourth, 71 percent a fifth, 
59 percent a sixth, 55 percent a seventh, and 50 percent 
an eighth. Only 47 percent completed an eighth semester. 
Returning students, transfers, and others finally brought 
that percentage up to 62 percent over a period of time. 
3. Since only 1/4 of all drop~outs can be accounted for because 
of monetary difficulties, it seems quite obvious that the 
prime cause for losses among college students appears to 
be a lack of motivation to continue. 
4. And it is in this field of motivation that industry has done a 
great deal of work. 
a. Plant visitations. 
b. Materials explaining the nature of industry. 
c. Speakers in classrooms. 
d. Summer employment of students and teachers. 
5. The real key to this motivation factor is an awareness of 
the connection between study and the world of work and 
accomplishmento 
C. Some of the problem may very well be in the realm of teaching 
although that is greatly overrated as a prime source for the 
failure of individuals to choos e science and mathematics as a 
career. 
1. The actual employment problem in teachers of science and 
mathematics is neither as bad as it has been pictured, nor 
as good as it ought to be. 
a. According to the NEA Journal for May, 1956: 
1) In June, 1956, there were 4,434 potential science 
graduated with bachelors degrees. This figure is 
51. 3 percent under the high of 9, 096 of 1950 but 
21. 84 percent above the low of 3,641 in 1954. 
2) The class of 1955 produced 3, 754 teachers prepared 
and certificated to teach science. 2, 114 of these 
actually entered teaching. 
3) In 1955 school officials actually employed 4 . 152 new 
teachers for full=time science teaching, 1, 725 to 
devote more than half=time to science, and 2, 587 
others who gave less than half their time to science. 
4) This year there will probably be a need for 6,000 
more science teachers than the class of 1957 can 
produce. 
2. It must be quite clear that schools are doing what industry 
is now doing. They are "making do" with the people that 
they can employ whether they are fully qualified for the job 
or not. 
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3. And industry has not been idle in attempting to assist 
school officials to upgrade the science teachers. 
a. Summer employment of teachers. 
b. Supporting Teachers Institutes for science teachers at 
summer schools. 
c. Loaning scientific personnel as consultants to groups of 
science teachers. 
d. Aid to libraries. 
e. Loans to equipment. 
f. Scholarships for scientific and engineering personnel. 
g. Science Fairs. 
h. Future Engineers Clubs. etco 
IV. If we are going to make headway in the solution of this problem, 
then we should: 
A. Accept the problem for what it is. 
B . Start to work on the problem in our local communities where 
the solution can be effective. 
C. Accept the fact that there is no immediate solution if we are 
to depend solely upon education. 
D. Make those compromise solutions that are possible in this 
general shortage period. 
E . Use restraint in robbing other professions and other essential 
occupations of their personnel that are needed badly also. 
F. Make sure that all men understand the essential relationship 
of brainpower to their well .. being. 
Mr . de Guigne: Thank you very much p Dr. Fawcett. Gentlemen, 
now I should like to introduce Dr. Miller. President of the International 
Science Foundation, who will summarize the discussions. 
Dr. Miller; Mr. Chairman and Gentlemen. the reason I am on this 
program twice is that I am a member of the committee on speakers p 
and I did a conscientious job. I have some notes here that I have writ .. 
ten in a book provided by courtesy of the Monterey Peninsula Convention 
Bureau. I got the book filled up writing on one side of the page and had 
to go back and use the other side. which puts the notes in a certain state 
of disorder o My remarks are likely to be, as the man said about the 
dictionary, informative but somewhat disconnected. 
After Mr . de Guigne and Admiral Stone got the meeting started 
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yesterday and I had stated the objectives of the conference, which I 
believe I said were to point out that there is a shortage of scientific 
manpower and that we had come here to talk about it (yesterday it 
took me ten minutes to say that: this is the difference between a speech 
and its summary) Captain Metsger followed with a straightforward 
paper on the scientific manpower needs of the Office of Naval Research 
and the way they have been met, placing a good deal of emphasis on 
the extent to which projects have been farmed out among universities 
and research institutions. He was too modest to say so, but all of us 
who are acquainted with that operation are aware that the very fine 
program of the Office of Naval Research set the pace for the National 
Science Foundation, which is operating along much thE" same lines and 
has even taken over some former Office of Naval Research personnel. 
The luncheon speaker, Dr. von Braun, lived up to his deserved 
reputation as a scholarly man and able speaker. He made four specific 
points. First, we must attract more young people into scientific work. 
Second, we can make better utilization of woman power. As the com-
mon aphorism goes, "Never underestimate the power of a woman." 
He pointed out, as was pointed out again today, that when there is a 
necessity for their use, as in wartime, the women really come through 
in a remarkable way. His third source of manpower was the retired, 
and the fourth was the physically handicapped. He proved himself a 
good man with an epigram - I jotted down two of them. He said we 
must back youth with incentives, not directives. He said, further, 
that education is the password to a better society. 
Edward McCrensky, in the afternoon, gave us a very informative 
talk from which I was very much surprised to learn that 80 percent 
of students in English universities are on government scholarships, 
certainly indicating a very much greater interest in education on the 
part of the British Government than has been shown by ours. He also 
stated that 70, 000 students entered engineering schools in the United 
States this year, that perhaps 35,000 of them will graduate in 1960. 
It was stated this morning, in reciting statistics - this point caught my 
notice, although nothing was said further about it - that 25 percent of 
the scientific personnel of the country in general is engaged in teaching, 
but only 2 percent of engineering personnel is engaged in teaching. This 
would suggest that possibly there is a bottleneck at the educational level 
in engineering colleges. 
Captain Mandelkorn, following Mr. McCrensky, made a number of 
good points in a hard-hitting fashion. Some of them I jotted down: 
Give the scientist assistance in routine tasks; relieve him of adminis-
trative chores; make use of the retired and of the physically handicapped. 
He mentioned the present unhealthy preoccupation with youth on the part 
of industry. He said our educational system in primary and secondary 
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grades does not provide incentive to individual thinking and that think-
ing can be fun and hard work may be interesting. Finally, he said, 
"Restore the prestige of the teacher . " And I think that is a very 
important point that we need to emphasize at this meeting. I would 
say that not only the university teacher, but the junior college teacher 
and the secondary school teacher should receive greater incentives not 
of salary alone but of prestige in the community. We are inclined 
to set up a hierarchy here and regard university professors as the 
smartest and junior college professors as a. little lower grade, and 
the secondary teacher doesn't rate at all. But actually a science 
teacher in high school can have more influence in directing young 
people into scientific work and establishing their ideals and ambitions 
than they will get in any subsequent period in their lives from the pro-
fessors to whom they are subsequently exposed in their education. I 
certainly remember with gratitude the very fine science teachers that 
I had in high school. 
The point was made by Russell Varian in the discussion of senior 
manpower that some sort of examination ought to be given to people 
at retirement age to find out whether they are capable of continuing 
or whether they should be retired. That is not too easy a thing to 
do, although it was said this morning that the University of California 
has established a mechanism for doing it. In the California Academy 
of Sciences we adopted a rule a number of years a.go that people 
should be retired at 68 and further modified that rule, or supplemented 
it, by a statement that by mutual agreement of the individual and the 
administration he might, after retirement, be rehired for any special 
work. That gives exactly the chance that management needs to evalu-
ate the man at the time of his retirement, and either retire him or 
else hire him back again, and it's a very good procedure. 
Dean Alva R. Davis, who was here earlier today - I believe he 
has gone now - retired two years ago as Dean of the College of Letters 
and Science at the University of California. I attended a large party 
that was held for him on the occasion of his retirement. The follow-
ing year the University hired him back and promoted him to Vi ce-
Chancellor, a position he still holds. 
M r . de GIJ }gnr-:: And, now, gentlemen, I would like to ask Gen -
erai Barclay to sum u.p the discussions of his panel. 
Gf_.n e l: a J. B a rclay: I'm afraid a bit of redundancy may creep into 
this, a Iurilier summary. D:t. Miller has covered it very adequately . 
In our summary of "what and why," to put it as succinctly as possible, 
I think we carne to a few definite conclusions. First of all, that there 
is a shortage of scientific and technical manpower. This shortage 





in the area of sciences and scientific effort and an increase in the 
complexity of our industrial life; second, part of the shortage results 
from our inability to utilize the over-all available pool of scientific 
manpower to the maximum efficiency. Other areas where we might 
alleviate the shortage are in the utilization of retired personnel and 
the utilization of technically trained women. Though there were some 
comments about the lack of usefulness of women in a scientific field, 
it appears that there is at least an area where they can fill the gap to 
some extent. The other area is the lack of motivation of young people 
to enter the scientific fields and to pursue a professional and scientific 
career. I think Dr. Keene will take up the solutions to these problems. 
I feel a bit like Will Roge r s in World War I when the submarines 
were a menace in Boston Harbor and Will Rogers came out and said 
he had the solution and he s aid all you have to do is dry up the ocean. 
The rejoinder was, "How?" And Will Rogers replied, "I don't know. 
I've given you a solution, how you work it out is your problem. II 
Mr . de Guigne: Dr. Keene, will you summarize the remarks of 
your panel members. 
Dr Keene: I would like to say, in keeping with our discussion on 
women this morning. that you must remember one statistic - 50 percent 
of all parents are women. A c tually, I think our panel adjourned so 
recently that I don't want to go through it again. You ' re going to get 
a summary in just a moment. I would just leave you with one hope, and 
that is that, as we go away from this session. we don't leave as did the 
two ladies from Boston who came to California. It was unusually warm 
weather, and they couldn't stand it. The first said, "I can't understand 
why it is so warm. II The other said, "After all, it's so far from the 
ocean - over 3,000 miles. II I hope that as we go on we do not carry 
the attitude of the ladies from Boston and take back jus t what we came 
in with. 
Mr. de Guigne : There is v e ry little danger of that, Dr. Keene, 
from the look on Bob Kimberlin's face . I believe that he is ready to 
give us the report of our task force . 
Mr. Kimberlin: When I learned of my as s ignment. I wasn't just 
surprised, I was appalled, and I might say that my feelings in this re~ 
gard have grown stronger with each passing hour. It would be impos-
sible for one individual to do this job properly. So the chairman came 
to my assistance by providing me with a group of distinguished colleagues 
who have helped prepare recommendations for your consideration. We 
have tried to do the best we can in the s hort amount of time that has 
been available. 
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It is our feeling that we should not close this conference without 
some attempt to state some of our conclusions and suggestions for 
solving the problem which has occupied our attention for the last two 
days. We start from this base: that the shortage of scientific man-
power is due in part to poor utilization of existing manpower and in 
part to lack of numbers. From that base we proceed to these number~ 
ed points of suggestion and recommendation. 
(1) One of the best ways immediately to alleviate this problem to 
a substantial extent would be to dip into the large reservoir of retired 
scientists and engineers and other qualified personnel capable of assist~ 
ing our scientists in various ways, including assistance in areas such 
as the administrative phase of research. The use of this retired group 
may require some pre-retirement review and some post~retirement 
training. So important is this area of retired manpower that it has 
been recommended that the International Science Foundation s ponsor a 
follow ~up meeting on senior manpower. 
(2) Perhaps the most concrete point that has come out of our two 
days of discussion, is that the Government, through some appropriate 
agency, the National Association of Manufacturers as the representa~ 
tive of industry, and the colleges and universities should combine for 
the purpose of taking and maintaining a census of retired personnel, 
not only scientists and engineers, but teachers and other qualified 
personnel. 
(3) Arrangements should be made to permit teachers to take peri~ 
odic leaves of absence to work for, or in, industry and government. 
This will help teachers to determine where they can best make their 
contribution, and it will certainly aid them in achieving better individ .. 
ual performance. 
(4) The services of existing scientific personnel should b e more 
efficiently utilized. They should be assisted by qualified persons to 
provide needed administrative s upport. 
(5) We should see to it that the scientis,t has the help of te chnicians 
to minimize the amount of d e tail which he mus t otherwis e handle . 
(6) We urge the use of TV, radio, and other appropriate media 
to present to the American people, and particularly the younger gener~ 
ation, the importance of science and engineering and the rewarding 
satisfactions which come in the pursuit of these professions . 
(7) We suggest that government and industry review their research 
programs, organizations, and personnel, with a view to making changes 







(8) We recommend that the educational system be made flexible 
enough to permit the exceptional student to be challenged to the full 
extent of his ability. 
(9) We believe that the teacher shortage can be relieved by the 
use of qualified retired personnel trained in the subject-matter fields. 
This assumes that the stranglehold which our schools of education have 
on our certification system can be relaxed enough to permit these 
people to obtain a certificate. 
(10) We recommend that attention be given to attracting and retaining 
the more capable teaching, engineering, and scientific personnel by 
provision of greater incentives and more recognition in the community. 
Mr. de Guigne: Gentlemen, without too prolonged a discussion -
which time does not permit - I would welcome any suggestions, or, we 
might say, approval, of the suggestions made in the summary just pre-
sented by Mr. Kimberlin. 
Question from the floor: Would you allow one possible addition to 
your list of ways of alleviating the problem, with particular regard to 
teachers for the universities? 1 suggest this for the benefit of the indus-
trialists who are here. The possibility of providing, on a leave basis, 
teachers from your industrial activities to the universities for one or 
two years, establishing chairs at the universities in the technical sub-
jects. This would meet a very serious need and would serve to allevi-
ate somewhat the lack of trained personnel. 
Remark from the floor: In many states it would not be possible, as 
these men could not meet the teaching requirements. 
Question from the floor: Wouldn't that apply to all universities? 
This could be made to apply. 
Remark from the floor: The laws could be changed. 
Mr. Cook: These specific requirements are for high school? 
Dr. Miller: No, they apply also to junior colleges. However, they 
don't apply to un iversities. 
Dr. Panunzio: I think perhaps I didn't stress sufficiently this morn-
ing the very great seriousness of the exodus of capable people from 
colleges and universities. I run across almost daily, or weekly, very 
capable people who are leaving colleges and universities, going into 
industry, and that is producing an accumulative shortage of trainers for 
technicians and other individuals that are needed in the economy and in 
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the government. I could cite you case after case: the president of a 
university in Washington, now a consultant to General Electric and to 
Rand; president of the University of Colorado now president of a corp-
oration; another college president now in the McGraw-Hill Publishing 
Company. One of the brightest students I ever had at the University of 
California wrote me last week that he's giving up teaching down at 
Rollins College. The appeal from industry is so great that we don't 
realize what's happening to undermine the personnel resources of the 
college and the university. It can't be stressed too much • . 
I am really eager to push the formation of a roster of available, 
capable, retired personnel and then re-employ them in any field that 
we can get positions for them. 
Colonel Clark: I think there's one facet of this problem we haven't 
touched, and, rather than suggest that this should be a brand new point, 
I would like merely to append it to Mr. Kimberlin's first remark -
better utilization. We've talked about relieving our scientists and 
technical people by furnishing them with technical assistance , adminis -
trative assistance, etc. This is good and we must do it, but I think 
there is one problem associated with this that we find not only in our 
technical and scientific personnel but that applies, from my observation, 
to any position of leadership or supervision, in the military service as 
well as in civilian positions, not only in technical but in all types of 
assignments. As a man progresses up the command ladder and, by 
virtue of his experience, can take on more responsibility and authority, 
he normally exercises this through more people who are subordinate to 
him. I think that one of the hardest jobs of leadership or supervision 
is for the leader not to ~ his people do their job, but to !s1 them do 
their job. We find many examples of commanders and leaders that are 
still doing the corporal's work, and this is very difficult to pull away 
from. This is something we don't have to wait ten or twenty years for. 
I think we can all perhaps, in military service and out, examine the 
relationship of our people to their subordinates and remind ourselves 
once again of something that I'm sure we've all experienced. I am 
continually and repeatedly encouraged and pleased by the way a subordi-
nate will rise to the occasion and respond once he is given a little more 
responsibility • 
Mr, McCrensky: I wonder whether the group would support a recom-
mendation for further encouragement toward subsidy of promising men 
and women to enter science and engineering at the collegiate level. 
Mr. de Guigne: Any objections? 
Remark from the floor: It seems to me we can encourage more of 
the present scholarships in industry. Personally I would rather see it 




Mr. Mello: These recommendations are excellent. I would like to 
put a question here: What mechanism do we have that will make these 
recommendations effective? We've said some challenging things . Is 
this an individual responsibility? Is '!.ne International Science Foundation 
going to do it. or are we going to let it lie here, or what are we going 
to do? It appears to me that within this group of people - and I have 
never been associated with a group of talent such as this - within this 
group there is a mechanism to make these things something other than 
words. If we don't find that mechanism. I'm afraid a lot of our sugges-
tion are coming to nothing. I ' d like . for instance, to know who is going 
to ask the Bureau of Labor Statisti cs to carry out our recommendation. 
Are we going to send them a copy of the proceedings, or write to them? 
I would like to suggest that the forum consider a method of implementing 
these recomme ndations. 
Mr. de Guigne: That ' s certainly a very i mportant point and I can say 
without hesitati on that, if the International Science Foundation can find 
the financial support which would enable us to undertake such a program. 
we stand ready to help implement the recommendations of this confer-
ence by sponsoring a census and ini tiating the other projects that have 
been recommended. 
Remark from the floor : We have one specific recommendation here 
with regard to the census . I don ' t know what the policy of the Foundation 
is with regard to taking the initiative in aski ng for money_ This is a 
cooperative conference. Is there any objection to our writing the BLS 
and asking for financial support? We 've got the NAM here right now and 
can pass this suggestion on to them and ask them to take it on. 
Mr . McCrensky: Inasmuch as Mr. Parker. president of NAM, is a 
member of the President's committee on development of scientists and 
engineers, might it not be advisable to send to him the recommendations 
of this conference? I suggest that w e ask him to support a recommenda-
tion that the International Science Foundation coordinate our joint efforts. 
Dr. Varia .... 1..Z There was one point brought up on which I would like to 
be a little more specific - the subsidy of scie ntific stude nts . Tuitions 
have increased enormously in re:cent years in scientific courses because 
of the greatly increased cos t of giving those cours es o It might be a good 
idea to recommend that the United States Government absorb the cost of 
tuitions . 
Remark from the floor ~ We did leave up in the air the one suggestion 
that's been made relating to what Dr. Varia.n has said. There seems to 
be a little disagreement on the point. 
Question from the floor: I'd like to ask the question: has tuition gone 
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up, really. basically? It's gone up in dollars. but what about our pay? 
I don't believe that you will find that tuition has gone up in relation tb 
the pay that we are now getting . I wouldn't like to agree to the point 
unless I could see it proved. 
Remark from the floor: I'd like to make the point that tuition may not 
have gone up in relation to our pay, but it certainly has gone up in rela-
tion to the pay of the students who are working part-time and therefore 
trying to pay their way through school. When I was a student thirty 
years ago, I received a dollar an hour for miscellaneous work ranging 
from sweeping floors to polishing apples. Th.e part~time students that 
I'm acquainted with today receive anywhere from 90~ to $1. 25 an hour. 
Remark from the floor: I don't want to quarrel with you, but let me 
tell you that I received $1. 25 a week for delivering newspapers. There 
are youngsters who now make $25 or $50 delivering newspapers. I 
went to a school in 1921 when I pai d $950 a year tuition. 
Remark from the floor: Around about that period, or a little later. 
I paid $15 a qllarter p or rather I borrowed $15 a quarter. and some of 
these figures that have been quoted today - $700 or $800 a year - would 
have been completely beyond the capacity of a working student. 
Remark from the flo.Q! ~ I wonder p Mr . Chairman. 1£ we might come 
to some conclusion on this by inserting an additional point here urging 
the development of ways and means, through industry or otherwise. to 
absorb all or a part of the increasing cost of tuition or college expenses 
for promising students. 
Mr. Cook: One point on the matter of the government paying tuition. 
Some univer s ities object on the basis that they are afraid the government 
will try to tell them how to run their show. so to speak. That's a point 
that must be considered p i.t seems to me . 
Mr.g. McCrensk,y: I think we should keep in mind the fact that the 
government is running a fellowship program at the post~doctorate and 
doctora.te levels. The fact that there is a division doesn't extend to the 
collegiate program. I m.ight also mention that actually it's handled by 
the National Rp.search Council. The Government pays the financial 
statement, but the selection is handled. by the NRC. I don't think this is 
necessarily a threat to freedom of education. Perhaps this should be 
made clear i n the r.ecommendati on • 
.colonel Kraus: Every year there are hundreds of appointments that 
Congressmen d.on't fill in West Point and Annapolis. and I hate to see 
the Government. c • grow bigger. I feel that for every dollar that is 




private industry can subsidize things like this, provided industries get 
together. I don't think the individual industries should buy individuals, 
body and soul. but I think that a group of them could easily administer 
such a program economically. 
Mr. Hartung: Why can't we take the stand at the present time that 
the International Science Foundation act as the medium under which these 
recommendations are put in the proper channels? I don't know what NAM 
would do, but I think they'd like to have the chance to study ita I would 
venture a guess that there are other organizations that would like to have 
this ball thrown to them$ Let's do something about it and get it into those 
channels, because I have a good idea that there's a representative group 
at many levels that would welcome it. I think the International Science 
Foundation, as the sponsor, could well act as the medium to carry this 
on. 
Mrs de Guigne: May I say this in behalf of the International Science 
Foundation. You probably know we are still more or less in our infancy. 
However, we are getting to be better known and it's my hope that we 
will soon be getting additional support from industry. With adequate 
financial support we can do an outstanding job. I think Bob Champion, 
who has made this conference possible, has the capability of carrying 
thru a program such as this with tremendous success. Perhaps I 
should ask Bob Miller to tell you a little more about our organization. 
Dr. Miller: The International Science Foundation is a very young 
and new organization which was set up to accomplish a specific purpose, 
that of encouraging and assisting in the interchange of ideas between 
scientists in different countries. Our objective was to set up internation~ 
al science centers, of which the one in San Francisco is a pilot plant, 
and to encourage scientists from abroad to make use of our facilities, 
correspond with us in advance of their corning to this country, and let 
us assist in such arrangements as they might want to make. This has 
worked in reverse also; we have been able through our contacts abroad 
to assist American scientists going to foreign countries. 
That was the primary objective that Bob Champion originally had in 
mind for the International Science Foundation when he founded it. The 
other objectives that have developed are covered in our literature. 
This scientific manpower conference is something we got into because 
of our interest in scientific resources - an interest which culminated 
this year in the publication of a handbook of scientific resources of 
the Bay Area. 
The Foundation is dependent on its membership for support - its 
individual members, its corporate members. We have now a sizable 
number of corporations all over the country that are contributing through 
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annual membership in the organization. 
as many of these corporate members as 
three or four times as much as we are. 
say? 
If we had three or four times 
we have. we would be doing 
Is this what you wanted me to 
Mr. de Guigne: Not exactly. as it may not be the direct answer the 
ge·ntlemen want. I might sum up by saying that we are capable of organ~ 
izing a manpower program but we will have to obtain a grant from the 
Ford Foundation or other sources before we can get it underway. 
Captain Mandelkorn: In connection with the suggestion that was just 
made. what I am about to suggest may be a sort of amateurish approach. 
but there have been a number of important national periodicals that have 
evinced. almost monthly. interest in problems associated with this . Do 
you think publicity - on the ten or twelve or whatever number of points 
we have arrived at - in these periodicals might be a good idea? I cite . 
for example, "Fortune," "Business Week. " "U. S. News and World 
Report, " "The Harvard Business Review" - all of which are read by the 
kind of people we are trying to reach. And I strongly suspect that some 
of these. at least, would be glad to have an opportunity to print these 
things if we think it is fitting at this time. 
Mr . de Guigne: Thank you very much. I think that's a very valuable 
suggestion. 
Remark from the floor~ I think about the only other thing is this 
matter of financial as s istance to promising students and. if it is satis ~ 
factory. we can draft an additional point on that which won't point the 
finger in any particular direction but will emphasize the need for increas ~ 
ing support to promising students. 
Mr . Macdonald: Much has been said about industrial aid to universi~ 
ties and colleges in furnishing teachers. I think industry is doing this. 
particularly in the Los Angeles area, which I have had the good fortune 
of having left, I hope permanently. The needs differ greatly, and I think 
most of them have been active in assisting the university. I understand 
that Hughes Aircraft is encouraging its staff to assist the secondary 
schools by allowing time off for this purpose. as opposed to teaching in 
the colleges - and this. I think. should be encouraged on a Nation ~wide 
basis. 
Mr. de Guigne~ Thank you very much. 
Dr ~ Katz: I spoke a while ago during the intermission with you, Mr. 
de Guigne, about the problem of the absence of some of our educators 
at this last session. I think that the previously mentioned journals are 






but we still fall short of our intended goals if we don't get the conclusions 
of this meeting over to the people actively engaged in teaching in this 
country. We need to publicize our recommendations and initiate projects 
to investigate problems that have been discussed • 
Mr. de Guigne: I'd like to know what ideas Bob Champion has on this. 
Is he still here? 
Mr. Champion: I propose that, if this group can agree on recommen-
dations. the International Science Foundation can find a way to carry the 
ball and get some action on the projects that should be initiated as a re-
sult of this meeting. 
Dr. Varian: May I second this idea. I think we need to convert the 
heathen rather than the faithful. Some of the people to whom we are 
proposing to pass along these ideas would receive them very well. but 
they are already the faithful. 
Remark from the floor: It will encourage the faithful too. 
Mr. de Guigne: Get the faithful also to cooperate with us when the 
heathen come in. 
Remark from the floor: In line with those comments, I'd like to say 
that this is the third conference I have attended in the past eleven months. 
These included an Engineers' Joint Council Meeting in New York, a 
national conference on administration and research at Penn State. and 
now this one. This is the first one. however. at which I have seen the 
whole thing come to a focus with some concept of action on the part of 
the group. In the others the problem has been discussed; the causes, 
the effects. the solutions have all been laid on the table and right there 
they have essentially died. except for individual activity. and I think it 
is quite encouraging that this group is. first of all. summarizing. and 
second. proposing som e positive action as a group. 
Dr. Katz: Actually. this whole thing may lead to the logical topic for 
our next meeting. 
Mr. Hartung: I'm going to follow up on Bob Champion's suggestion. 
Are we all agreed? Is that the consensus of the whole meeting? Any 
disagreements? Then I'm convinced. if that is the case, we can start 
work on putting these recommendations into the proper channels. I 
think we will be remiss if we don't. 
Mr. de Guigne: I agree. I think the original ten proposals have been 
added to, by individual speakers, and I think that Bob Kimberlin has kept 
an account of them. 
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Motion from the floor: I think, Mr. Chairman, you should accept a 
motion to adopt the-se resolutions. 
(So moved and ordered.) 
Mr. de Gui~: Gentlemen. I'd like to keep you for a couple of 
minutes. First. I want to thank each and everyone of you for corning 
here and making this meeting such a very successful one. Also. as was 
stated by Dr. Katz, I hope that we will have another one. I can't say 
when it will be, but at our mee-ting here many of us have gained new 
friends, and I am sure that we will all look forward to corning back here 
agai.n. I belong to an organization i n San Francisco known as the Bohem-
ian Club. Those who live in San Francisco know about it. but for those 
who do not, I should tell you that it is an organization comprised of bus-
iness men. professional men, artists. musicians. etc. Every sumrner 
we have a common meeting ground in 2. 800 acres of redwood grove up 
on the Russian River. And what puts me in mind of this delightful 
association is the atmosphere in which we- rneet he-reo the atrnosphere 
of friendship, and still we know that we wish to accomplish something. 
. Last year we had as a guest at our carnp in the Grove the then British 
Ambassador to the United States. Sir Roger Makins . I'm not a name-
flinger. but, when you get up to the Bohemian Grove , you go on a first-
narne basis . So. after a few cocktails. a wonderful lunch with quite a 
bit of wine. Sir Roger turned to me and said. "Chris. this is a bloody 
fine show you've got here. Do you know if there is any available acreage 
around these parts so that we might have a United Nations Grove? 
There'd never be another bloody war if we could get together like this. " 
That was the gre-atest compliment he could give. I saw him a week later 
at Lake Tahoe and he said. "That day at the Grove I had been given the 
notice on the Suez Canal crisis jus t two hours before. but at luncheon I 
forgot all about the ditch. " 
So I have the feeling that we 'v e had somewhat of a Bohemian meeting. 
We've all become good friends; we 've disagreed at times but nobody has 
taken a poke at anybody else. I know that the friendships that have been 
rna de here will endure. and I hope that at our next meeting we will find 
even more people participating. We have the nucleus here of a very good 
show. Let's not forget it. We will welcome any suggestions that you may 














MONTEREY. Calif •• Oct. 25. 1956 - A "brainpower forum" sponsor-
ed by five participating members of the International Science Foundation 
to find a solution to the shortage of scientific brainpower in the United 
. States today laid the blame to poor utilization of existing manpower and 
in part to lack of numbers. 
This was the conclusion reached at the close of a two-day session 
here this afternoon which saw 75 leaders in industry. government. and 
science argue various factors responsible for the shortage of scientifi-
cally-trained individuals in this country. 
An II-point program, designed to focus the attention of the nation on 
this problem and developed by a special committee of Forum members. 
was adopted at the close of today's sessions. The committee included 
Admiral Raymond Spruance . U. S. Navy Retired; Brig. Gen. John A. 
Barclay. Deputy Commander, Army Ballistic Missile Agency: Robert 
L. Champion. President. Cooperative Research Foundation: Richard 
Balch. Massachusetts Institute of Technology: C. Mansel Keene. Deputy 
Director. Twelfth U. S. Civil Service Region: Robert C. Miller. Dir-
ector. California Academy of Sciences: and Robert T. Kimberlin. Vice-
President. Crown Zellerbach Corporation. 
The II-point program follows: 
1. Make use of the reservoir of retired scientists and engineers and 
other qualified personnel capable of assisting in research and devel-
opment. 
2. Government. industry. and educational i n s tituti ons should join forces 
in preparing and maintaining a census of r etired s cientists. engineers. 
teachers. etc. 
3. Teachers should be permitted to take periodic leaves of absence to 
work for or in industry and government; qualified personnel from 
industry and government should h e lp to relieve the shortage of teach-
ers by accepting teaching ass i gnments. 
4. Utilize more efficiently the services of existing scient ific personnel 
in providing them with qualified administrative support. 
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5. Technicians should be employed in increasing numbers to relieve 
the scientist of detail in research projects. 
6. Wide use of television and radio and other media is needed to present 
to the American people~ and particularly the younger generation. the 
importance of teaching. science. and engineering. and the rewarding 
satisfacti ons which corne in the purs uit of these professions. 
7. Government and industry should review their research programs. 
organization. and personnel with a view to making changes which 
will keep their personnel more effectively and continuously employed. 
8. The educational system should be made flexible enough to provide 
opportunities for the exce ptional student which will challenge him to 
the full extent of his abilities. 
9. The teacher shortage should be relieved through the use of qualified. 
retired personnel trained in subject matter fields. 
10. Attention must be given to the problem of attracting and retaining the 
more capable teaching. engineering. and scientific personnel by 
provis ion for gre ater ince ntives and more recognition in the commun-
ity. 
11 . Programs for financial ass i stance to promising students must be 
substantially increased and must include the development of projects 
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IDEAS DEFINE OUR FUTURE ..• 
The continuance of the upward trend of our economy and our 
standard of living is dependent upon increased development 
of our most important scientific resource - brainpower. 
IDEAS ON BRAINPOWER SOURCES •.. 
Our shortage of b.rainpower becomes more acute as social, 
scientific. and technological problems become more complex. 
Yet an immediate increase in the rate of production of 
engineers and scientists cannot ease the shortage for some 
time. In the interim. would not a re-examination of ideas 
which might lead us to hidden source s of brainpower be in 
order 
IDEAS ARE OUR BUSINESS ••• 
The International Science Foundation has the object of stimu-
lating the development of scientific resources by increasing 
the flow of ideas between professional personnel throughout 
the world. For this reason. a number of the FOWldation's 
participating members suggested that ISF organize a forum 
which would provide an opportunity for the exploration of 
ideas pertinent to the brain-power shortage. 
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